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INTRODUCTION 


Tais report on the mining and milling of tungsten ores is the second 
part of a general study of the domestic tungsten industry. The first part, 
comorising general information on tungsten, has been printed as Bureau of 
Mines Information Circular 6821. 


Tne purpose of these paners is to increase efficiency in the mining, 
preparation, and utilization of the tungsten resources of tne United States. 
The tungsten industry forms so small a part of tie vast mining and metallurgi- 
Cal overations of the Nation that private metallurzists have not had enough 
inducement to give special attention to the recovery of tungsten minerals 
from the ores, end many of the small companies are financially unable to 
undertake research work. <A study of the milling of tungsten ores reveals 
that further improvement is pnossible, especially in the treatment of slimes. 
Recent experimental work by the Bureau shows that the flotation process is 
applicable to certain tungsten ores. , 


The future of the tungsten industry in the United States depends to a 
great extent on utilization of the low-grade deposits of the contact-meta- 


morphic type. 


ACATOWLEDGMENTS 


Thanks are due the owners and operators of the various companies en- 
geged in the mining and milling of tungsten ores in the United States who 
without exception cooperated whole-heartedly in placing prarere data at the 

author's disposal and in discussinz their problens. 


"YPES OF TUNGSTEN DEPOSITS 


Ore deposits are usually classified according to the processes involved 
in their origin. Tungsten deposits are represented in almost every e of 
deposit. These include: (1) Segregation deposits, (2) pegnatites, (o re- 
placement deposits, (4) a deposits, (5) veins, Ss (6) 
placers. 


Segzrezation Deposits 


As the name implies, this type of deposit is formed by the segregation 
of certain minerals from an igneous mass on cooling. The minerals thus dif- 
ferentiated are present in greater amounts in the aa than in the rock 
as a whole. 


Segregation deposits are characterized by their irregular form and their 
freedom from fissures. These deposits are a part of. igneous intrusions, and 
the gangue minerals are those of the parent rock. A tungsten deposit of this 


* 8111 a 


Google 


I.C. 6852 


type occurs in the Whetstone Mountains, Cochise County, Ariz., where small, 


flat crystals of wolframite are distributed thrquee granite in irregular masses 
that lie close to small, irregular gask veins.- 


' Pegmatites 


Pegmatite deposits are related closely to segregation deposits, as 
they are also end products of crystallization that have been tirust into 
openings in rocxs already consolidated. Pe7matites are commonly found in 
dies but sometimes snow pipelilte or other irregular forms. Tue constituent 
crystals of pemnatites generclly are larger than the crystals of igneous 
rocks or veins: quartz, feldspars, enc mica predominate. In addition to 
these minerals, which are also present in tue perent frenite from wnicn the 
pegmatites are derived, pegnatites moy include a great veriety of other 
minerals, such as tourmaline, apatite, snodmens, anblysonite, g t, beryl, 
columbite, triphylite, lithiophilite, cassiterite, and wolframite.~ These 
latter minerals if present in the parent rock occur in very siall amounts, 
s0 that pegnatites may be considercd a type of se:rezetion deposit. On the 
other hand, some pegimatites which consist largely of quartz show the charac- 
teristics of veins. 


The best exemples of tungsten-ocearing pegnatites in the United States 
are in the Harney Peak anc Tinton districts, Soutn Dacota, Although trese 
pegmatites are importent as a source of some rare minerals and gems, tacy 
have been of minor importance as tiunzsten producers. 


Replacenent Deposits 


Replacement deposits are formed where solutions have dissolved the 
original rock and material of different composition is deposited in the 
space left by the solution. Deposition may follow solution so closely that 
the form and texture of the original material are preserved. Because of 
their solubility, carbonate rocks are favorable for replacement. 


The best-known exammles of this type of tungsten denosit in the United 
States occur in the northern Black Hills near Lead, S. Dek., where flat- 
lying dolomitic limestone has been partly rerlaced by silica and wolframite. 
The ore bodies average alout 2 feet in thiclmess, although they range from 
lenticplar seams a few inches thick to large lens-shaped bodies about 6 feet 
thick.+/ In general, reniacement decosits of tungsten ores ere irregular in 
form and erratic in mineral distribution. 


3/ Hess, Frank L., Note on a Wolframite Deposit in the Whetstone Mountains, 
Ariz.; U.S.Geol. Survey Bull. 380, 1909, pp. 164-165. 

4/ Connolly, J. B., and O'Harra, C. C., The Mineral Wealth of the Black Hills; 
South Dakota Sch. Mines Bull. 16, 1929, pp. 220-221. 

5/ Runner, J. J., and Hartmann, M. L., The Occurrence, Chemistry, Metallurgy, 
and Uses of Tungsten wits Special Reference to the Black Hills of South 
Dakota; South Dakota Sch. Mines Bull. 12, 1918, pp. 67-68. 
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Contact-Metamorphic Deposits 


Contact-metamorphic deposits are formed in intruded rocks of calcareous 
composition by; solutions and gastes enanating from the intruded magma. Meta- 
morphism destroys the orizinal composition of the carbonate rocizs; during 
the process of destruction an agure.ate of characteristic contact-metamorphic 
minerals is developed--garnet, epidote, calcite, diopside, actinolite, scheelite, 
and numerous silicates of calcium, magnesium, and iron. This type of tungsten 
deposit is readily recognized b; tnese minerals. ‘The tungsten mineral in 
contact-netamorpnic deposits is inveriably scneeclite; it occurs as grains 
Tansing from the size of a pinhead to 1 inch or more in dianeter, but tne 
Siaaller sizes usually >iedoninate. 


Mineralization of the contact-metemorphic deposits generally follows tae 
structure of the orisinal sedimentary beds. The scheelite usually is dis- 
tributed throughout the beds more uniformly than tungsten ores in the other 
types of denosits. 


Nearly all the kmown contact=netamorphic tungsten deposits in the United 
States were discovered during the World War when the demand for tungsten 
was great and the prices rose to unprecedented heishts. In recent years most 
of the domestic production of tungsten concentrates has been derived from 
the contact-metamorphic deposits of the Great Basin region. Contact-meta- 
morphic deposits have been worked in the Mill City and Nightingale districts, 
Nevada, and near Bishop, Calif. 


Veins 


Veins are formed by solutions that have filled cracks or fissures within 
the rocks. The mineralizing solutions in some places have replaced the wall 
rocks, but ordinarily such replacement is not so extensive as to obliterate 
the relationship of these deposits to the fissures. In other places the 
walls of the veins are frozen to the vein matter. Veins containing tungsten 
ores may occur in single crevices or in two or more parallel zones of shearing. 
If shearing has been intense a series of interlacing veins or stockworks may 
be formed. Tungsten veins are subject to all the vagaries common to veins 
containing silver, <old, or other ores, such as branching, alternate pinching 
and swelling, brecciation, and sudden changes of direction. The tungsten 
minerals may be any of the important ones, with wolframite a little more © 
common than ferberite, hubnerite, or scheelite. Little byproduct tungsten is 
produced in the United States from veins carrying ores of other metals, al- 
though golc, usually in small anounts, is found associated with scheelite 
and silver in tne Wolframite group tungsten minerals. In veins in other parts 
of the world gola, molybdemm, bismuth, tin, «1d copper octur with tungsten 
ores. In general, tungsten ores in veins are erratic in form, size, and dis- 
tribution of tungsten content. 


Quartz and calcite are the most abundant gangue minerals in this type of 
deposit, although virtually all minerals ordinarily associated with veius 
may be present. Inclusions of wall rock are often found in the vein filling. 
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Representative vein~type tungsten deposits occur at Boulder, Colo.,at 
Atolia, Calif., and in the Silvor Dyke district near liina, Nev. In the past, 
the major production of tungsten concentrates in tue Unites States nee been | 
derived from veins. : 


Placers 


Placer deposits are formed by the agents of erosion - heat and-cold, im- 
pact of sliding and water-carried rocks, vegetable growth, and chemical de- 
composition in conjunction with the mechanical processes of natural. concentra~ 
tion. Under proper conditions virtually all tyves of tungsten devosite of | 
sufficient size are possivle sources of placer tuncgsten. As erosion takes 
place the tungsten minerals, like gold, platinum, cinnabaor, end tin minerals, . 
lodge at the foot of slopes or in streams along wish send and gravel. The 
minerals asscciated with tungsten placers are similar in that they are not 
readily soluvie in water or netural solutions. Tin is coumonly associated — 
with tungsten winercls in various parts of the world. Tungsten placers fomed 
on gloves are likely to have the tungsten minerals uniformly distributed through- 
out the gravel, whereas tiiose formed vy swift streams are likely to be ir~ 
regular and their minerals may lie in pockets 


Not all tungsten deposits in plece are associated with placers. © Since 
tungsten minerals are extrenely brittle they may have been ground to an im= 
pelpeble powder by intensive rechznical attrition and cerried away in the | 
drainage. Norevver, if conditions were favorable, the timgsten minerals may 
Lave been dissolved and tins carried away. 


¥com the standpoint of world production of ianesien pencentuated: placers 
have been the most imvortant producers, the wolframite placere in the provinces 
of KiangS1 and Kwangtung, China, being tie most productive. he best know ~~ 
tungsten placers in the United States are in the Boulder district, Oohoxado, : 
the Atolia district, California, and tie Snale Rance near Osceola, Nev. All 
these placers were worked intensively during the World War and have produced — 
considerable tungsten concentrates. 


PROSPECTING 


Where tungsten deposits have been exposed to the agents of erosion the 
formation of placers would be expected. Conversely, where placer tungsten 
has been found the search for the source of the placer tungsten offers in~ 
teresting prospecting possibilities. Since placer deposits are relatively 
easy, to discover and since their products can be worked easily and concentrated 
with little equipment, placers are usually the first resources of @ region to 
be exploited. Placer tungsten deposits have been traced to their sources by 
prospecting with a pan as one would prospect for other heavy minerals like 
Zo0ld or pimtimm. 7 


dn experienced prospector will trace the source of placer tungsten by 
panning the gravel at intervals, following stream channels, gulches, or other 
natural topographical drainase courses of a region. When the tungsten. colors 
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cease to neon in the pan tie immediate topography is scrutinized carefully 
for indications of a vein or other form of deposit. Outcrops of tungsten 
deposits are not elways cons»icuous; where tnere are no surface indications 

of a vein trenching to bedrock may Cisclose the source of tue placer material. 
The prospector must not concludc, however, that where placer tungsten is 

found the lode from wnich it was derived must be present, sirce some of the 
Orizinal shallow deposits may have eroded away entirely. In the search lor 

_ tungsten ores panning along: exnosed outcrops or below the probable location of 
debris-covered outcrops is the cheapest Mad of locating ore shoots and de- 
termining their length. . 


In searchin; for tuwnsstcn ore bodies in undeveloped districts the »ros- 
pector has another indication of the possible or probablgp presence of an ore 
body, namely, a body of rock of the kind usually associated with tunzsten ores. 
Tungsten deposits, like tin and molybdemm deposits, almost always are as- 
sociated wit. siliceous igneous roci:s, especially granites or acid pegmatites. 
In this respect they differ fro: many other minerals. The converse is not true, 
however, as large areas of granitic rocks all over the World occur wnassociated 
with tungsten deposits. Most of the tungsten deposits in place lie wnolly 
within or at the margins of the acid igneous rocks, although some lie within 
sedimentary rocxs such as slates, shales, or schists. Waoere the tungsten de- 
posits lie within the latter rocks the widerlying granitic rock is not far 
away even though not in evidence in the imnediate vicinity. 


Geological maps and bulletins of both State and Federal geological sur- 
veys are very useful in locating areas of. light-colored (silicoous) rocks 
where tungsten ores are ant to occur. 


In tne search for the contact-metamorphic type of tungsten deposite, 
the beds may be traced from the float minerals such as garnet. Knowledge of 
tae comion minerels associated with tungsten ores and abllity to recognize 
them readily in the field are iaportant aids in prospecting. The contact- 
metamorphic deposit at Pine Creei:, Calif., was found as a result of the dis- 
covery of garnet on claims originally located for silver. That scheelite 
was associated with garnetiferous rocks became generally known to the western 
prospector durin; the World War when prospecting for tungstenwas very ac- 
tive. This knowledge resulted in the discovery of many new deposits of the 
contact—metanorphic type. 


Tre best clue, however, in prospecting for tungsten is the presence of 
one of the tungsten minerels. The wolframites are readily recoj:nized by one 
who has studied the physical characteristics of soecimens. Scheclite is , 
harder to identify; it is similar in appearance to some common minerals like 
Quartz and calcite, and its high specific gravity may be attributed to barite. 


Tungsten minerels are not readily oxidized to secondary minerals, and 
outcrops of tungsten ores generully do not show prominent stains that indi- 
cate the presence of tungsten minerals. 
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Because of tre occurrence of placer tungsten deposits, some geologists 
nave argued that tungsten minerals are resistant to weathering, wuile otners 
have contended that they are less resistant to weathering tnan is generally 


suppased. 


Experiments?’ heve shown tact on the whole tungsten minerals are some- 
what soluble and that under certain couditions they dissolve ratier readily 
to form soluvle salts or colloidal compounds end tnus mey be removed from 
outcrops. As Gannett's experiments snow, carbonate solutions do not attack 
tungsten minerals, and any enricrment of tungsten deposits by such solutions 
is caused by the removal of valueless mawertels thereby increasing tue grade 
of the ore near the surface. 


Tungsten may be leached from its ore bodies without being redeposited 
below, and secondary enrichment is difficult to internret since the secondary 
minerals are the same as the primary ones. During alteration the secondary 
minerals génerelly renain near the prinary minerals. From a chemical stand- 
point tungsten minerals may be classed witl: the nonmigratory minerals. 


Prospecting Ecuipment © 


At the Cold Springs wine, Nederland, Colo., diamond drills are used in 
prospecting underground. Instead of the rezulation diamond bit a firthite 
bit is used. Firthite is an extremcly hard compound consisting of tungsten 
carbide cemented with cobalt under high temverature. The firtuite fragments 
are brazed by an acetylene welder into the end of Tobin bronze core barrels 
one eighth inch thick. Care must be exercised in setting the firthite, as 
excessive leating would destroy its effectiveness. A complete bit can be 
made for about $75. In drilling fissured rock the firthite bit is more ef- 
fective than the diamond dit, as tne attendant danger of losing the settings 
is not such an important factor. Furtuer experimental work under field condi- 
tions is necessary to determine the general adaptability of ‘the firthite 
core drill. | 


In certain types of tungsten deposits the deen~hole hammer drill may be 
employed to advantage. For nrospecting contact metamorphic deposits, particular- 
ly for determining extensions of known beds and the presence or absence of 
parallel beds, the hammer drill could be employed, in some cases at less cost, 
than other methods of prospecting. The anplicability and limitations of 
prospecting by the aay drill Lave been pointed out in a peper published by 
the Bureau of Nines.- | | | 


Geophysical methods of prospecting have not been applied to tungsten 
deposits so far as the author is aware. Since the contact-metamorphic tungsten 
deposits contain magnetic minerals assooiated with scheelite, investigation © 
may demonstrate that some t:pe of magnetometer is suitable for outlining such 
deposits. Resistivity methods. of prospecting may also be of use in exploring 
the known contact-metamorphic tungsten: deposits in the Great Basin region. | 


6/ Gannett, R. W., Experiments Relating - to the Enrichment of Tungsten Ores; 
Econ. Geol., vol. 14, 1919, pp. 68-78. : 

7/ Knaebel, J. B., Sampling and Exploration by means of Hammer Drills; Infor- 
Mation Circ. 6594, Bureau of Mines, 1952, 32 pp. 
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MINING METHODS 


Round Valley Tungsten Co. Mine 


The Round Valley tungsten mine is 11 miles west of Bisnop, Calif. The 
Climate and altitude are such that operations can be carried on throughout 
the year without difficulty. Electric power is obtained from the hydroelectric 
plants of the Southern Sierras Power Co. on Bishop Creek 7 miles from the 
mine. The average cost of power is 1 1/2 cents per kilowatt—hour. 


The deposit is of the contact-metamorphic tyve, and the only economic 
mineral in the ore is scheelite. The country rock is largely granite with 
masses of limestone whieh have been mineralized by the intrusion of tne 
granite. The limestone is altered to tactite,8/ and in the masses of tactite 
_the scheelite is disseminated as anall crystals. The tactite body is about 
125 feet wide and 200 feet long. The contact of the tactite and granite is 
extremely irrezular. The average grade of the ore mined is 0.5 percent WOs. 
The structural and economic conditions favor the gloryhole method of mining, 
which is employed. 


Since the tactite outcrops on the side of a hill no elaborate develop- 
ment work was required. The deposit has been developed by 3 levels, of 
which 2 are adits, driven 50 feet apart. The working level s connected to the 
surface by a single-compartment shaft 100 feet deep inclined 75°. Tae 


shaft is 7 by 6 feet in the clear and is timbered with 8- by 8-inch square- 
sets. 


Mining is confined to the glory hole, whick centers about seven mill 
holes; these are started by belling out the tops of raises and drawing off 
the broken ore at the level below. 


The shart crosscut and the branches therefrom to the transfer raises 
connecting witu tne glory nole are 5 by 7 feet in section and untimberec. 
The raises are 5 by 6 feet in section and also are untimbered. 


Drilling is done with jackhammer machims using 7/8 inch, hollow, hexa- 
gonal steel. Drill steels are hand=sharpened, and tie Carr bit is used. 
Dritling is done dry. The hole in each drill steel terminates 1 inch behing 
the cutting edge of the bit to blow the holes free from cuttings more qiickly. 
For blasting, 40-percent-strength gelatine dynemite is employed with no. 8 
caps attached to tape fuse. Compressed air for drilling is supplied by an 
8—- by 10-inch Sullivan compressor. 


The large boulders of ore broken in the glory nole are blocimholed. The 
mill holes are kept full of ore to prevent boulders from falling in and 
choking them; otherwise, the expense of freeing choked ore passes would inerease 
8/ The term "tactite’ has been proposed by Hess to desi;nate “the products of 
Contact metanorphism in this type of tungsten deposits. 
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the mining cost considerably. The ore that does xot run into the mill holes 
is shoveled in by hand, The wells of the slory hole stand well without 
sloughing, so that diJution of the ore “ith waste rock is not importent, 


The ore is drazvm from the millehole raises into cars through chutes 
equipped with nlank sates slidin: in wooden cleatc, The cars have a capacity 
of 1 ton each, ani tzey are equivped with roller bearings, Traclz is made of 
le-pound rails laid to 2 serve of 18 inches, Tramaing is done by hand, and 
the ore is dumped from the cars into a 50-ton ors rocket at the shaft. Over 
the ore pocket is « <crizgely with 10-tach openines mete of UO-nound rails set 
in slots cut into - by -inch tinbers, To prevent boulders from wedzing 
between the rails of the s:rizziy the rails cre laid with the flat side vpper- 
most. Boulders that vill not yess through the grizzly are broken by hand 
sledging, : 


From the underzround ore octet the ore is drayn off into a skip having 
a capacity of 1,00C nouncs, The ore pocket is eyuipveld with e planegate 
cute for loading, Tle sity dums directly into = vin cheed of e crusher, 


leven men are recvired to mine 120 tons of ore per day, working only 
one shift, The costs of mining on a basis of 74+ tons per aay is shown in 
table 1, The distrivution of labor, pover, and supplies is shown in table 2. 


TABLES 1, —liininz costs per ton of ore hoisted, Round valley mine 


ae see 


(Tons of ore hoisted: 2,250, Period coverel: 1 month, 1931) 


: 'Super-! Steel | | Explo- | | 

| Labor ; vision! siarp- | Powar jsives Bum | 
! , . 

: le 


Breaking. ...... ss. e | $0,200 | 
1 211. 1bkc ae 0135 | eee ie | 
Hoisting... eoeeeve o8 ; 100 | 


ye hi Ie a 


TARLS 2, -iMining costs in units 27 lrbor, pover, and supplics 
A, Labor (man-hour per ton): 


DUP CTV LS71ON cio oss bare be eee ee sueeca, S05 
Brealcing, eeeeev@eeereeweeeesvweet © C@eeee @ @ woe) 
Tramming.......0.2. eeeeeee oeosot@teeeeseees @ ~Ldo0 


Eoisting, @ewreererverev ee vneeeeeeeeoeeve  @ Ge @ eee be 
or + i] fol 
Blac zsrn ithing @eew»weeeesekees#eeegeee#e#ee#tketeseeeesee#e se e@ e Q Z ) 


TOUA lea... tore te6 6 ables oe Oe eee Soho 
Ore mined per man-shift (tons)... .ccccceccccccccescseldel 
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Atclia Mining Co, Tungsten Plocer 


Tne Atolia cistrict is in the western wart of San Bernardino County, 
Calif,, about 4O miles esst of Mohave, Plecer and vein devosits of schee- 
lite occur in the district, owt only the Atolia Mining Co, nlacer operetions 
vill be described, 


Placer scheelite oceurs in alluviiun comosed ler.;ely of detrital mater— 
ial resulting from the ainintezration of quartz montonite, the principal 
rock in the district, The oases awugcsjets ranz;e from varticles the size 
of sand to ones several inches in diemeter, Boulders of nearly pure schee- 
Lite weighing several ienered pornds have been found in the nlacer area, 


Placer omerntions are confined to an aree arout a mile long and one half 
mile wice, The depth of the alluvium ranges from several feet to 150, The 
maximum depth that can be vorired economically by power shovel is about 30 
feet owinz to the barren strata between the upper end lover channels in 
which the scneelite is concentrated, An imvnortant feature in the recovery 
of the scacelite is tne fact tnat the aetrital meterial is loosely cemented 
and blasting is not necessary’, 

The alluviurn 43 mined with a sesoline-driven, revolving-type shovel 
mounted on caterpillars, The dipper hes a capacity of 1 ton and is equipped 
with manganese-steel teeth, to which stellite tips are welded, The power 
shovel loads the material into two truciss having camacities of 7 3/4 and 
5 1/4 tons, respsctively, The trucks haul the placer ore to a duming plat- 
form abcut 1,000 feet from the shovel, The trucks are driven ub an inclined 
runvay where the ore is dischercad onto a grizzly with 6-inch openings 
placed over the toy of « bin, The oversice material is dDroizen by hend 
sledcves, 


Four men are reevired ver d-hour shift to mine avout 250 tons of mater- 
jal, The total cost o: miring and tracking ver ton is .10 cents, 
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Figure 3.—Self-dumping bucket arrangement for sinking at Nevada - Massachusetts property 
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Colc Syrinzs Mine 


Tne Cold Sorings mine of the Wolf Tontue Mining Co, is 4% miles east of 
Jederland, Colo, Yue Cictrict is :vell-timbered, and round mining timbers 
are cut on comorzury-o-mned land, Blegtric vover for mininz is purchased fron 
the Public Service Co, of Colorado ,= 


At the Cold Springs mine the ferberite ores are mined by the cuteand- 
fill system, The ferberite occurs as lenses along vein fissures, The 
length of the lenses ranges from a few to 200 feet and averages about 80 fect 
Tie width of the ore ranges from less than 1 inch to 6 fect; the average 
width mined is about 9 inches. The average dip of the veins is about 10° 
The persistence of the lenses in width and mineralization is more depend~ 
able along the strixe than the dip, The walls of the veins are granite 
traversed with a series of intersecting planes of weakness, so that the 
wall rock is likely to slough if openings are made for any distance over 
6 feet along the dip. 


The rerberite in the ore lenses is invarinbly of high graces, and tne 
country rock is virtually barren of ferberite, These factors, in conjuncte 
ion trith the reletive iisn value of tne clean ferberite and the ease with 
wMich ore end waste ove distinczcisned Dy visual insnection, arford an ex- 
cellent opoortunit, for nand sorting and selective minia,;, oth of which 
are ~racticed at the Cold Sorinss nine, The ores are fairly soft, so tnet 
if one side of tne ore is exvosed it can be renovec easily with a moil and 
nend hermmer, thereby reducing the veste mixed with the ore to the minimum, 


q ings miae is onoened by a two-comonrtment shaft 590 feet 
ned 71%, Tie three wooer levels heve been ariven at intervels of 
1e tnree lover levols at intervals of 190 feet, inclined dis- 

race, Deteils of tne asnealt timoering cre snom in figure 1, 


Drifts snd crosscats ere 5 by 7 feet in section, The sround veries so 
mac. in cnaracter turt ctanterd drill rowids cannot be ermloyed, Column 


mounted Leyner macnines ere a: in drillins vith l-inch hexagonal steel 
witn cross pee SHlesting is cCoue with honpercant-stren;. tn gelatin dyn- 
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sstnods, such es open stone or shrinkage, for tie following reasons: 


ee ee oct 


- 


© Vanderburg, Wn 0., “etiods and Costs of } luining, Ferberite ore at the Cold 
Sorings ‘iine, tae see Boulder County, Colo: Information Circ. 0673, 
pureed. Of Lines, 19529 1° 9% 


LN 
}- 


Ld ~ ll - 


Google 


I.c, 5852 . 


(1) The ferberite occurs in nerrov, rich veins, so thet considerable waste 
must be broken to provide “oriing svece; (2) the walls are weal: and require 
artificial support, waica can ve provided cheaply by utilizing the vaste 
obtained by selective mining anc nend-sorting waste from the ore in the 
stopes; (3) the higher-zrede ferberite ores are at a vremizm so that it is 
Gesirable to ootain as high grace a »roduct es is consistent with econory; 
(4) the ferberite can be recognized easily, end fine bre-‘sing is not ree 
quired to separate ore from vaste; (5) with adequate suvervision the cute 
and-fill system allows virtually complete extraction of the ore, 


: f 

In mining no attempt is made to produce a laze toanaze; complete ex- 
traction of the ore with minimum veste is emphasized rather tnan tne. tonnage 
brolten, and in this resvect the practice follows that ordinarily employed 
by lessees, : oe 

After an ore shoot has been opencd by drifting a stops is started by 
taking a cut from the back of the drift to a heizht of 5 or 6 feet. .In this 
; work the ore and waste may either be broken seperately or together, In the 

latter case the ore is nand-sorted, After a cut hes been teken from the 

back the drift is stwlled with d= to l2-inch round timbers wvlaced on 5-foot 
centers between chutes and on 4foot centers at the chutes and menways,. 
Between the chutes the stulls are covered with a floor of round lagzing 4 to 
6 inches in’ diameter, ; 


é Access to stopes which average less than 100 feet in length is provided 
by a double-compartment raise at either end, Additional cribbed ore passes 
are built between tre doubleecompartment raises at intervals ranging from 25 
to 30 feet, center to center, Ore and waste are shoveled separately into 
the chutes by hand, The ore chutes are equipped with ordinary Plank gates 

sliding in wooden cleats 


The stope is advanced by successive cuts 4 to 6 feet high carried along 
the full length of the ore shoot, Two methods of breaking are employed; 
where the ferberite occurs.as a single band of rich ore stripping is em- 
YMlovyed, and where the ore end waste are intimately associated they are 
broitzen together on a sheet-iron shoveling platform and tne waste is sorted 
from tne ore by hand, In stripnins the ore the waste on the hanging wall 
is carefully blasted first and allowed to drop into tne fill, After the 
fill is leveled off by hend the exposed ore is broixen onto a sheeteiron 
suoveling platform, either with small charges of explosives or with moil and 
hammer rs 


The amount of waste obtained by stripping and Nand sorting is more than 
enough to provide the waste fill; the excess is shoveled into the clutes and 
‘transported to tne surface, ys 


The cribted chutes and manways are built to a height of 3 or 4 feet 
above the level of the fill before eacii cut is taken along the back of the 
stope, The raise cribbing is not blocked against the solid rock but is held 
in place by large pieces of waste placed around the sides by hand, The 
waste tims placed also prevents, the fine waste fill fron entering the chutes, 
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Supplies are noisted in the stones di electrically driven tugger hoists. 


Ore and waste cre transvorted unie yground in end-dump »lain-bearing 
steel cars holding about 1,200 pounds each, Track is mate of 12@—pound rails 
placed on a grade of 1/2 percent and a gage of 18 inches, At the shaft the 
cars are dumped over a pivoted nan cinite cirectly into a sicip which has a . 


cepacity of 2,409 pounds, Rails in the s:ipwey compartment: of the: sheft are.-- 
4 by 6 timbers bolted lengthwise to the 3+ by 83-inch footwall: plates. Three-- 
inch angle irons cre bolted to the Ww by S-inch timbers to provide: track: for: 


the skip wheels, iiniecé 


At tae puree’ tne ore is dumped over an inclined bar grizzly with 1l- 
inch openings, Tne fines pass into a din and tne oversize material onto. a 
stationary sorting table, All pieces of ore are sorted from the waste by 
hand and thrown into the ore bin, Large nieces of ore and. waste combined 
are hand-cobbed, The waste is shoveled irto cars and hand trammed to the 
waste dump. “wo sorters can sort anc cobdb about 29 tons of hoisted mater- 
iel per S-hour snift. 


The costs of mining during 1931 are shown in‘tebles %:and 4U, ‘The min- 

ing costs apvear hign, but it must be rememoered that: the ore mined is a 
concentrate produced by hand sorting. In addition the Cold Springs mine is 
a small~tonnege »vrovosition, end the anount of develovment wor's and praspect- 
ing required is mech greater than in average mining wractice, Of.the total . 

material broxen in stonvinz in 1931 about 70 percent was waste separated from 
A ore by stripping and hand sorting underground, 15 percent was waste re- 
jected by hand sorting at the surface, and 15 percent was the ore sent .to 
the mill. 
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TABLE 3. 


(Tons of ore hoisted: 1,125. 


Super- - Compressed Explo- Othe 
Labor |vision|air and steel | Power ciel qamuer| ee elie Total 


Development..... 0 2 953 
Minin? s64 4i.ewkid 622 
Tramoaing...+.. ‘ = 
Generel expense. - 
Compensation 
insurance...... 
Otel ess 


~ Mining costs per ton of ore 


TABLE 4. - Mining costs in wits of labor, power 


A.. Labor (man-hours per ton); 


Develonment Mining Total 
ONS SOPUINS sok duct ee ewieees uu aula --- 5,84 3.84 
HOU SUN a css cna e tease eee eae =S- 1.92 1.92 
Blacksmithing .i.iscess0 he cer scaas 1.15 ete 1.92 
PPSMMIN Ss 6 4.ci wane Doar eweawssess ~—— ay gD 71 
SHOVELIN oc hei Nae tarseee Oe eee 293 .61 1.54 
BVCSKINe 45 i4 65 ob Grs. 05-6 e RE OONa 1.83 1.24 5.07 
GON Lal s.2 cialdud aoe dae bot Soe dca cacaldnbie ds eee 1.83 L.e4 3.07 
DUDETVIS1ODs iscsi noe eta Sat 1.15 77 1.92 
Motel. Man=hours per TON: ioc swc Gandcaw tic esess tees kas 17.99 
Average ore mined per man-shift, (tons).............. 0.445 
B. Power and supplies: 
Explosives, pounds per ton... ...- 2 ccc cee eee ee eee eeeee. BOS). ag a5: hs Beka 
Linear feet 
per ton 
Timber: Cribbing 4 to 8 inches diam....... ce eee ee 26.7 
Lagging, 3 to 4 inches diam.............. 0 cee ee eee 12.3 
StulLIS;~S 0: do: INGNes CO 1atis sa ck were dds ote were hwketiaes 5.3 
sawed stock, bd. ft. per ton... .... cee cee ee eee 4.4 
Kw. hr. 
per ton 
Power: AT COMPICS St ON dns tok a oe ee eA eee ees 29.3 
taf Bx is Up 6 eng ae PR 12.35 
BUM cs ays ates yess adie nine dns aNd cid Se aie hy Ooh SE 18.5 
Ventilation and lighting. ........ccc ccc cece cece cee cees 1.5 
OU argc taetceoec tes eieve ada ciate part Suceava eee etn ana oe 61.6 
Percent of total 
direct cost 
C. Labor...... ee ee Oren arr Penatoeuatenes iebamestewetou cons 63” 
Power and Sunellee ba che bvictian Gea car Sed ves ee rmcere ean Bearer Bares whl Ante ice tea ems. SS 37 
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Period covered: 8 months, 1931) 


1.555 rial aes] Live]. 965 17.172 


and suoplies, Cold Springs mine 


Silver Dye Mine 


The Silver Dyl-e tungsten min on Bs east flanz of the Excelcior 
Mountains l2 miles soutueast of ina, wineral Count’, ev, Ine vronerty is 
accessible by automobile ro:a from ina : an supilies are healed from Mina 

oy truck, Electric vower for minine is o-wrchussd from the Mineral County 
Licht & Power Co. at an uverase cost of about 3 cents ver kilowatt-hour, 


4?) 
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About 50 tons of scheelite ore sre mired ver day by the shrinxage~ 
stope sethod. The Silver Drie vein vances from 30 to 140 feet in width and ; 
is traceable for about 4 miles o: the surface, ‘Jithin the vein the schee~ 
lite occurs in irregular lenses associated with ovartz, ‘The everaze width 
of tne ore lenses is 34 feet ana the maxinum vidth 5 feet, The width of tue 
vein to be mined is cetcrmined more by the scheelite content tnan by the 
structural characteristics, san effort is mace to meintain the grade of the 
ore broken at 1 vercent scheelite, Ttlose suvcrvision end numerous pannings 

eve veen found necessary to prevent the admixture of too much raste witn 
tie ore in mining overetions, The roc's stands well vwitn orly an occasional 
stuli for support, so shrinkage stovins can be erwloyed to advantage, 


Ne inine is ovened by a crosscut adit 371 feet in leneth,. wrifts are 
driven 5 by 7 feet in section ana generally are uwntimbzrec, Leyner mach- 
ines using l-inch hexagonal steel are used in driftinz; WO vercent-strength 
gelatine dynamite is used for all blastins. 


The length of the ore shoots ranges from 60 to 120 feet. Manvays are 
carried up at botl ends of an ore suoot to arford access to the stope. 
Chutes for drewing off the brolzven ore are spaced at 15- ae intervals, To 
vrovide support for the breken ore the floors of the stoves are timbered 
vith stulls at 5- foot in itervals; ths stulls are overlein with plank lagging. 
Since the ore is mined by the shrinzeze method the broi-en ore provides the 
worzing floor in advancins « stope, The broxen ore is kept ct a suitable 
distence from tne back by drowiy, off the excess ore throvgr. plank chutes 
into cars. Hand-held stovers with leincn quarter-octazon steel ere employed 
in stovine, Virtually ell tlie ore bro'én in blasting is of sucn size that 
it vill pass througn a grizzly wit. c-iich openings, The ore and waste are 
not hand-sorted at the Silver Dye mine owing to their intimate association, 


At tne adit level tne ove is ireavm into end-dwip cars througn plank 
chutes equinved vith plank ¢: tes, “he cars are equipnved with roller beare 
ings, and each car ues a cenacity of 1 ton, A train of cig:t cars is hauled 
to the mine storag? bin by a 110-volt storaze-battery locomotive, 


Tie direct costs for a %-month period in 1931 are swmnrized in tables 
5 and G, Development ~-or': for the period consisted of 4 feet of drifting 
ana 590 feet of raising. In addition, 1,10 tons of ore vere mined, although 
nv3,roximatel:y trice as mich ore eas this wes trolzen but left in the stopes 
during the period and is not included in tne tables, 
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TABLE 5. - Mining costs per ton of ore, Silver Dyke mine 


(Tons of ore mined: 1,140. Period covered: 3 months, 1931) 


Comprassec air, Explo~ Other 
Labor |vision/drills, and steel| Power|sives | Timberjsupplies| Total 
$0.004/$0.544, --- --- 1$1.992 
sien --- | .427] $0,062 =a 1.480 
Transportation ,015)| “==> == === elle 
Gencra 1 Expense Se tees --- --- | $0,035 wilg 
__Total...---j 1.5: -.019] .971) $ .062 023 | 3.696 


TABLE 6. - liining costs in units of labor, power, and supplics, Silver Dyke mine 


A. Labor (man-hours per ton): 


Development Wining Total 
Brea Ne eos hh ORES ee Seas . 0.758 0.660 1.418 
1th G6] eX.) ono ota a eee --- © , 3860 . 660 
SHOVEL I 3 o os oa eet wae an eis eke 881 =-- 681 
BAU sii oa se aaees ieee oe .O81 ~060 141 
DUDEIV 16 LOD e20 Go sintae aad be ea ees ~ 109 .109 218 
Wiscellaneous..........0.2c eee eeee --- --- 010 
OO Ges sos Sis oe earns ope ous Bare See Rah nse a een Reaba re - 35.528 
Average ore mined per man-shift (tons).............. 0.06 Rent 
3. Power and supplies: 
Explosives, pounds per ton........cccccccecccccceccesceeceeas 3.59 
Timber: Sawed stock, bd.-ft. per ton.............c. cece wees 1.76 
Round timber, linear ft. per ton.............ccc eens 218 
Power, Kweehr.. per Tonicccssiiunwdeda caddurevsesincceacees eee 12-28 
ALY (COMPTCS GON 6 ii 0.6'25.48-444G wdares eee ad 11.54 
Be E Ne od aoa 6 oe hee a eee Rew aa eee 61 
yg o0 0 rp Er Lo 6 ener a __.13 
VO Geis ce ela tins co tera are ei anus aud Gna antes ere Bons 12.<8 
Percent of total 
cost 
Os. DeaDOT 64 catia es-aweeince ks dire aptli letter deni aie gestae yh atl ocr ai vicar ig as ake Seige gh ade, ee eoind 61.5 
FOWer: Ond) GUPPLI GS sy 6s66 oe Foss 44 60 Sh ae Reed ie eer ; ree ee 58.5 
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Humboldt and Staeniz Mines 


Tne tungsten mines of the Nevaca-Mascachusetis Co., Inc,, are about & 
miles west of Mill City, Pershing County, Mev. This comvany has been tue 
lersest producer of tungsten concentrates in the United States for a number 
of years, The climate anc t.pograviny offer no obstacle to mining operations, 
BZlectric power for wininz ls purchased from the Sierra Pacific Pover Co, at 
a cost of about ¢ cents per xilovattenour, “he two mines overzted by the 
compeny produce about 2C:) tons of scneclite ore ver dzy ceveraging 1,1 percent 
scheelite = 


The formation in the Mill City district comprises a series of sediment 
ary rocks consisting of shales and sandstones, trith intercalated beds of 
limestone and cuartzite, which have been intruded by gra:.ite, Although the 
deposits are termed "contact-metamorphic't the ore occurs in tactite beds, 
not only at the contact of the granite but in some places 2,000 feet from 
the granite, To of the limestone beds have beer. develoned — the Sutton 
and the Stank, Of the. two beds, tre Stads hes been’ the most productive; it 
has an averase vidtn of 4 1/2 feet and an average dip of 75°. 

Tie beds have been displaced 3 to 50 fect by nostmineral faults, The 
feults generally cut the beds at acute angles, ard in exoloration work they 
have been mistaken for the footvrall of the beds in several instances, Drifts 
were extended along the faults Zor considerable distances before the faults 
were recognized, ‘Yo minimize the possibility of drifting on tnese strike 
faults, one lifter of each drift round is drilled in the footwall waste rock, 


In general the beds Civ at nigh angles end ere welleadapted ‘to the 
shrinkage-stoping method of mining, The ore, althougn hard, dreaxs well, 
and the walls of the beds reauire little support. 


Development consists of two inclined shafts (the Stank 730 feet deep 
and the Humboldt 800 feet Gecev) with levels at 100-foot intervals, Each 
Shaft is divided into two compartments: the hoisting compertment is y 1/2 by 
4+ feet and the manvey, 3 1/3 by 4 feet, Shaft sets are 6- by 6-inch timbers, 
except the hangiiug-well pletes, which are 6 by & inches, 


_ The track for the leton skip in each shaft is 16-pound rails spiked to 
the footmall lates except at the stations, where they are on 6— by @-inch 
Stringers placed lengthwise with the dip of the shaft, 


Shaft sincing is done on contrect, the cost renging from $15 per foot 
es adry shaft to $25 per foot for a wet shaft. These prices are for labor 
Yi; all supplies are furnished by the comany, 


LO eine ye 
oo Ott F,, Method and Cost of Mining Tungsten Ore at the Hevada- 
assachusett s iiines at Mill City, Nev.: Information Circ. 6254, Bureau 

0. Mines, 1930, 13 pn, 
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The bucket used in sizing has a capacity of 600 pounds, The self- 
dumping arrangement of tie bucket is shovm in figure 3, The bucket skids 
are 4W~ by 6-inch timbers placed 16 inches apart, The lugs attached to the 
side of the buclcet do not touch the skids excevt at the dumping place, where 
the wictn between the skids is increased to allow the lugs to drop into the. 
notches cut in the skids, The T-shaped arms »wermit the luvs to slide under 
the arms wnen tne bucket is raised anc over tnuem when the buclzet is lovered, 
The buccet is operated in the manway side of the shaft, To »nrotect the men 
working in the bottom of the sheft a bulkhecd of round timbers is placed 
below the level, A small, portable, double gear reduction hoist rith motor 
inside tue drum is used in sintcing., 


The various types or rounds used in snaft sin-ing, raising, and stop~ 
ing are shown in figure 4, As the zround is unusvally hard to drill, Leyner. 
machines are largely employed in shaft sinasing, stoping, end drifting, For 
drilling 1 1/4-inch, hollow, round steel is used with double-teper crossbits, 
Drill steel containing 2 percent vanadium has been found to give the most 
satisfactory service, In all blasting 4O-percent gelatin cynemite and both 
no. 6 electric delay detonators anc fvse are used. 


Drifts and crosscuts are driven 5 1/2 by 7 feet in section and are un- 
timbered, The develovment wor's is so »wlanned that most of the waste rock | 
can be disposed of under,;rownd for filling mined-out stopes, Drifts and 
crosscuts usually are driven on company account; exceptionelly wet places 
may be contracted at a rate of £5 per foot for breaking and shoveling. 


Raises are 5 by 7 feet in section, end virtually all raising is done 
in ore, lHManmays and ventilation raises are timbered with stulls placed on 
5~foot 4Y-inch centers, The stulls are lined with 2-inch planks, The tim- 
bered raises are of the single-compartment type, and each is equipped with 
a laddervay and timber siide, Supplies are hoisted to the top of a raise 
by means of a wulley and hemp rope, ‘The pulley is chained to a length of 
drill steel placed over the stulls at the top of the raise, 


Raises for ore chutes are not timbered, The chute raises are driven 
to a neight of 6 feet above the back of a drift at intervals of 15 or 20 
feet and then belled out to connect with each other, ‘Tie timber chute shoywn 
in figure 5 is built in each raise before the btelling-out process is started, 
In driving chute raises temoorary staging is used when necessery, 


The ore is mined by the snrinkage-stoping method -zvithout filling, except 
for disvosing of waste from develonment work, Tne bed is mined in sections, 
each stope being 75 to 30 feet long, A stone section is shovm in figure 6, 


To prevare a stope for miring,the bed is first e:mosea by drifting. A 
ventilation raise, wnich also serves as a manvey, is driven to tne level 
above as far from the shaft as possible, ‘yJhile the ventilation raise is 
being driven chute raises are started at intervals of 15 to 20 feet and the 
chutes installed, A manway is started 80 feet from the ventilation raise if 
the chute specing is 20 fest and 75 feet if the chute specing is 15 feet. 

The interval is determiied by the character of the ore; if the ore is dry and 
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Figure 5.—Sketch of standard chute timbering used st Nevada-Massachusetts mines. 
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Figure 6.—Longitudinal and vertical sections of shrinkage stope at Nevada-Massachusetts mine. 
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cen be crarn'fron the chutes rerdily the cQ-foot spacings is used, but if the 
ore is damp and tencs to crinmey or henz up the 1l5>-foot intervel is chosen, 
An ezfort is meade to drev tne excess broiren ore from the stoves wiifornly; 
unitorm flow is obteined vitn damp cre ty close s3:.cing of the chutes, 


After the ventilation rise has been ariven to tiie level ebrove, the chutes 
heve been built, tis cimte roiscs hev2 ve en belled out to connect vith each 
other, and the menvy <t the other end o: the stope hes teen started, stop-~ 
ing operations are btemin, The stove ic acverced at a sitgle face by drill- 
ing horizontal holes if the sround is harc or vertical holes with haad- 
rotated stoners if the srowne is comparatively soft. Tvo miners advancing 
toward each other are ¢mo'loyed in a stone section, one sterting at tne ven- 
tilation raise and the otner at the man-ry at the other end of tne stcpe, 
When tne cut is completed other slices are talen in the same manner, The 
excess broken ore is drevn o:f as sto>ing prosresses, so tnoat a distance of 
about 6 feet is maintained betveen the top of the bLroizen ore and the back of 
the stope, The menvwey is carried wovsrd from time to time as stoping advan- 
ces, Loose svots encounteres. in the Henzinz wall as the stope is edvenced 
are suovorted either bry stulls or by »illsars of lovegrede ore, Occasionally, 
nillars of good ore may bi: lcft in the stope for s~poort, and these are 
blasted later when the stone is completed ant the ore is being withdrawn, 


Tue stove is advancec to within 6 feet of the floor of the level above, 
under which a floor pillar is left until the onerations on the level are 
completed; the pillzr is then removed by underhand stoving if the stope is 
filled with waste, or if the stove is empty it is blasted and the ore drawn 
off at tne level belo, 


To draw the ore from a commleted stove, the ore is followed downvard 
from tiie top by miners vho catcn un any loose spots in the wells and trim 
off any ore that may have been left as tne stope was carried upward, 


The extraction of ore is estimetec to dé about 95 vercont, The dil- 
ution fron slovgnuing of wall rociz is sbout 20 percent, 


Underground tremming is cone by hend vith lo-cvbic feet, roller-bearing 
cars of l-~ton capacity, ‘Tne ore is drown from the stoves througa cizutes eq- 
uipved with plank g-tes, as shown in fizyure 5, The ore is cumped into skin 
~ocets; the skip pocket at each level is equinned with a grizsly made of 
30~pound reils placed with the flat side up, so that the oversize material 
does not wedge detveen tne rails, Grizzly ovenings are 8 inches, 


From the stip pvoczets the ore is drarmn through recieand-vinion sates 
into a 1l-ton sixip wich cumps into the surface ore bin, At the Stam: shaft 
the ore is tranmec from the shaft bin to the grevity-tran bin by hand and 
then lovered in end-cumm s':ins to the narrovren je railroad for transpor= 
tation to the mill. At the Moamboléet shaft the ore is loaced into the narror- 
gage railroad cars cirect, 


The track in tie mines is mede of 16-pound rails leid vith an 13-inch 
gage on a grade of 3/4 vercent, 
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The ore is hauled to the mill by an &=—ton gasolire locomotive, The 
cars neve a capacity oz 57 1/2 cubic reet or about 5 tons exch, A train 
comprises 5 cars, The cost of transportation from tne mines to the nill is 
3 1/2 cents per ton-mile excludins cecreciation, 


‘fining costs for 19°93 sre shown in tables 7 and & In 19234 mining costs 
were about 20 percent less than those siven for 19°?S, Prodvction in 1974 
wos at a rate of approximately 209 tons ver day. 
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TABLE 7. - Mining costs per ton of ore, Nevada-Massaclsetts Oo., Inc., ines 


=o 


(fons of ore hoisted; 40 ,924,2/ Period covered: 1928) 


Super-|Drills! =. | Explo- Otner 
Labor |vision|& steel! Pover| sives |Tinber|supplies |Total 


50.012! $0.025 | § ; $0.056]$0.085  1$0.907 
:064|  .100 S146 2.743 
--- .105_ 
oa 1190 
T6 tals pene S82, 484 3.945 


l/ About 15,000 tons of ore were broken but not hoisted during 1928. 
2/ Surface tram to mill; undergrouné tramaing included in mining and development. 


TABLE &. - Mining costs in units of labor, power, and supplies, 
Nevada-Massachusetts Co., Inc., mines, 1968 


A. Labor (man-hours per ton): Development Mining Total. 
YE OME eG oe h Ge came ae eae ed 0.183 0.700 0.883 
MAD OPUS Siac deca gt econo eee oare i .053 2376 » 429 
Suoveling and tramming.......... .167 083 2950 
Shaft sinking................0- ; 098 --~ .098 
BOL SCINe oe hc a a hens eeuetene 136 .O0e 688 
SUDOrVL ALON. « s4temen Gee gta 040 168 208 
da ist) ob & 0. eoe ng ge e  e e =“- _<--- __ 195 
Total 677 2179 3.051 
Average ore mined per man=shift (tons)..........ccecveee » 262 
3. Power and supplies; Development Mining Total 
Explosives, pounds per ton...... 0.316 4.648 4.964 
Timber, board-feet per ton...... 73 2.90 3,63 
Poles, lin. ft. per ton.... ° .12 » 49 61 
Power, kw.~hr. per ton.......... 3.20 7.20 10.48 
tis percent of total 
direct cost 
C. Labor...... Bre abide seta ehiat arta a enters Rar aha) revit ae deren Make haa ece vid Se teeta ane out tot aceite . 06.02 
FOWGr ANG SUDDIICB 625 ceer tags ce wouee ey ab Searee aches oes 43.98 
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SOUCTIITPATION OF TUNGSTEN Of7s 
TAUPOE eT On 


Daring the nest 20 years at least SO concentrators, ranging in capacity 
from several tons to 390 tons per day, have been erected in the United States 
for treating tungsten ores, Many of these mills vere erected hurriedly dure 
ing tee World War and opereted for only a snort time when the demand for 
tungsten as a pivotal wer mineral was imperative, Frequently these hastily 
designed and built mills were able to operate only because of the extremely 
nign prices paid for tungsten concentrates at thet tine, 


Concentration of tungsten ores in the United States denends basically 
on strevity methods, Under normal conditions tungsten concentrates mist con= 
tain at least €0 percent WO, and be virtuclly free from such impurities as 
sulphur, pnosnhorus, arsenic, antimomr, bismuth, conper, tia, and molybdenum 
ordinarily asnociatod with tungsten cores; conrecvently cravity concentration 


4 
ra 


and euxiliary methods mist be Gesizned to produce e@ very clesn concentrate,. 
Crusnins and Grinding 


Since grinding is the chief item of cost in concentration and since the 
method of grinding has an important bearing on recovery, this phaso of cone 
centration should receive careful consideration, In the early milling of 
tungsten. ores the tendency was to employ grinding cquipment originally de~ 
signed for ores of other metals, namely, gravity stamps and to a smaller 
extent ball mills. In the light of present Imowledge it is not surprising. 
that the efficiency of these early tungsten mills was low, Recoveries of 
60 percent were considered good, 


Tungsten minerals sline readily in a stamp battery because they are 
‘prittle and their high svecific gravity prevents their discharge from the 
battery unless they are finely divided, Tney also slime excessively ina 
ball mill as usually oversted, thus rendering tneir concentration difficult, 
Grate-tiype bell mills, however, heve been emdloyed successfully at the Round 
Valley and Pine Creel: tungsten devosits near Bishop, Calif. These mines 
avoid excessive slining by using lerse quantities of water in the ball-mills . 
and carrying tie ore tarowsh then quickly. 


Stamps for crvsning tungsten orcs hav? becone virtually obsoletes>prese 
ent-practice favors the use oY »brimary crushing in Zlelte-type crushers, 
followed by stage criasning with tvo or more sets cf rolls, ‘there the-tunge 
sten mineral is associated intimately in a cryntocrystalline aggregete of 
quartz and ferverite, as in some of the Boulder (Colo,) ores the ore is 
ground in grate-type ball mills after the coarser prodacts have been recom. 
ered, 


ND 
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Classification 


To obtain a good recovery from tungsteu ores they must be classified 
thoroughly before being concentrated, The frneenental principle in modern 
milling practice involves greding the product according to size as it passes 
through the mill and élinineting as micn of the tungsten minerals as possible 
from the verious sizes by mechires best adanted for their recovery, This 
procedure is important in tnet (1) it gives a l.igher recovery by prevent- 
ing slime loss in subseonent regriiding operctsons and (2) it reduces the 
amount of equiyment necessary Yor treatnent of slime if such equipment is 
employed, Operators realize tie importance of mating a clean sand-slime 
separation so that these products can be treated on separate machines, As 
in 211 gravity concentration, slime treatment presents the most difficult 
problem, The dest practice is to reduce the amount of slime to a mininnn, 
separate it from the sand, and treat it in as long a series of machines as 
is consistent with econory, 


Jiyyeing 


The jig is very useful in concentrating tungsten ores if the tungsten 
mineral occurs in coarse form in that it permits the recovery of a coarse, 
high~grade concentrate, thereby decreasing the loss of slime, Opinion is 
divided as to the relative merits of the severrl tynes of jigs. The fixed~- 
screen, Harz-type jiz, however, has been adopted more senerally. With this 
type of jig a large amount of ore can be retained on the screen over a long 
period, and accumulations on the screen can be adjusted, The use of jigs 
in tungsten concentration tends toward compactness, since the space required 
for subsequent table treatment is reduced considerably, 


Tabling 


Various makes of tables of the vibratory tyme, such as the Card, James, 
Isbell, Deister, Wilfley, and Cverstrom, have given good service in tne con- 
centration of tungsten ores, Altnough some mills employ tvo or more makes 
of tables it may be adventazeous to use only one, or at most two, in order 
to gain the benefit of standardization of equivment, 


Ample table cavacity should be provided becnuse generally the extract~ 


ion is reduced decidedly if the tables are overloaded, | 
Slime Treatment 


Various types or eavivment - Monell tebles, Frue vanners, and station-— 
ary canvas tables or "rag" plants = have been used to treat slimes produced 
in tungsten milling, The most favored slime-concentrating devices vere the 
canvas tables, wiich were used most in the Boulder district during the World 
War, Before the canvas tables were installed in this district the tailings 
ere sent to weste, although they carried values which could be recovered 
portly by the use of the canvas tables, In present practice canvas tables 
have been replaced largely by tables of the vibratory type. The objection 
to the use of a canvas vlant is the aifficulty of marxeting the resulting 
low-grade concentrates, which range from 15 to 35 percent Oz» Product ion 
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of a high~grace concentrate vas not so essential during the Vorld War, when 
concentrates of almost any avede could be solid readily at a good wrice, 


Devatering 


Mechanicel thictzenere generally cre vsed in tungsten milling for de- 
wetering the vuly, Devatoring not only enables the pulp to be hanéled more 
efficiently out is also a: economical practice, varticulerly in districts 
where water is difficilt to obtein, By the use of devatcring cquipment part 
of the mill vater can ve recleimed for fiurtner use, 


Roast 


When considerable pyrite is vresent in tunzsten ores clean sevaration 
of the pyrite and tungsteu miinerels by srevity rethods is not economically 
feasible, The schere of trestment ustilly followet is to allow mach of the 
vbyrite to coicentrate with tne tunssten mincrals, then to roest tie concen-— 
trate and remove tne iron by menus of a rngiet. The vulz concentrates are 
dried before roesting, Tne cricrs employed are either of stationary or ro- 
tary types, The drier uscd in the Bouldsr district is on ordinary stove 
with a grate for fuels; it is surrounced vy a sneet-iron jacicet perforated 

at the bottom. (See fig, 7.) The wet concentrates are cnarged into the 
jacket end come in contact with the hot stove; when dried tuey are discnargec 
through the perforations ct tne botton, 


Pyrite is seprieted fron tungsten concentrates by a mesnetizing roast 
followed by magnetic senaration. The pyrite must be present in individual 
grains for complete sevaration; the more grains the more effective tne sep 
aration by magnetic means, The thoroughness of the megnetizing roast is 
arotner factor, The object of roasting is to form a magnetic film thet will 
aaqnere to the particle, 


The important factors in roasting arc the cize of the varticles, the 
temperature, and tue time 4 Coerse varticles require sppreciably longer 
to heat to ignition tenmmerature than fine ones, <A temperature at least 
ecual to the ignition temperature of pyrite must be maintained long, enough 
for a filn to form, The tine of roasting need not be prolonged beyond this 
point, If the temperature is nigh enovga tre Tilm will forn in e fev mom 
ents. 


The nhysical annecrance of the roasted vrocuct is a guide to roaster 
operation, <A good mesnietizing roast is irdicated by the absence of char- 
acteristic nrrite particles ard by a flat, dead color raiging from bronze 
to bleck, Black is characteristic of e deficiency of air during roasting 
or of a reducing atmosviiere, The color of tne roasted product is effected 
by the amount and color of ot:ier minerals present, which may or may not be 
altered in roasting, 


oe ene mem 


11 Young, George J,, Sxperiments in Magnetizing toasting: Eng, and Min, 
Jour., vol. 108, 1519, po. 17%177. | 
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Figure 7.— Sketch of homemade concentrate drier used in the Boulder district. 
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Coarse-ore bin 
Grizzly (1-inch) 


Undersize | Oversize 


Jaw crusher (10 * 16 inch) 
Beit conveyor — 
Storage bin (225-ton capacity) 
Rack-and-pinion gate 
Apron feeder 


Vibrating screen (12-mesh) 


Undersize Oversize 
Ball mill (4 = 5 feet) 


Belt-and-bucket elevator . 


Table (1) 
Concentrate Tailing 
Pipe 
| Table (1) | | Table (1) 


Concentrate Tailing Concentrate Tailing 


Waste dump 


Figure 8.— Flow sheet of Round Valley tungsten concentrator. 
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A roasting furnece of any typ. crn De used providing the concentrates 
ere pasced tarough cuiclcly enough, Furnaces of the rotary type :nsde of iron 
Dipe and heated with oil give sitisfactory service, 


Meaznetic Sennration 


Wetherill ov Ding's magnetic sevrrotors hive proved useful adjunets to 
table. concentration wnen the ores contrin oyrite, gernet, anc epidote, With 
tungsten ores of the contact-metemormnic type, vrnich rseur.lly contain ell three 
sengue minerals, the »len generally favored is to wrocuce a bulk concentrate 
by tebling, After the concentrates are dried the gernet and evidote are re- 
moved by megnetic sevaration, Tne concentrate containing tne pyrite is then 
roasted to convert the wyrite into iron oxide, as previously described, rnen 
it can then be removed by megnetic separation, 


Some tungsten ores, suc: as tiose of Sornmyell, snelead, contain both 
~wOlfranite and tin; ilnesmucn es the svecific grivities of tiiese tro minerals 
are nearly tne seme consicersble diificulty is ex»oerienced in mexing a seve 

ation either by wet or cry oo tion, ,fxe aavent of the magretic sep- 
arator Cid micn to nitigate tunis difficulty. After tne :nixed concentrates 
from tables or buddles have been Pocabed to expel sulvrar end arsenic they 
are sent to a mygnetic seneretor, where the iron is removed first by a wea 
maznet ani tien the vwolframite oy - strony; megnet, Cue difficulty was the 
Tact that the wolframite concentiate contained considcrable tin cerented by 
iron oxide,. At one mine the oxiae of iron vas dissolved by hot sulphuric 
acid, and the freed wolfremite. varticles were separated from the tin by 
being passed through magnetic fields of verying intensity. 


tiowund Valley Tangsten Co, Goncentretor 


om eee 


. 


Tne concentrator of the Round Valley Tungsten Co, near Eisnop, Calif., 
hes a meximum capacity of 1290 tons of scieelite ore per day. A plentiful 
supply of water for milling, is ovallnvle from orton Creek in the vicinity, 
Power is vurchased from the Sovthern Sierras Power Co, wander 2 variable 
schedule, the averasre cost deings andout 1 1/2 ceuts per 'cilovatt—hour, 


The ore contaizis en averaeze of 0.5 vercsent WOz, with garnet, epidote, 
and quartz as the princivel (ene minerals, The scheelite cristals range 
from 1/32 to 1 inch in diemeter, 


As the grade of the ore. is lov tie sechearie of treatment mast necessarily 
oe simple, The flor sleet oF the concentrator is shown in figure 36, 


The brolzen ore frem the glory hole is noisted and dumed direct into 
the crusher bin, wnich is eqvuipved vith a plenk gate to control the flow of 
ore into the 10- by 16-inch Blaxe-type crusher, A 40° inclined bar grizzly 
with leinch openings is anead of tne crusher, The minus leinch product from 
the crusher and the widersize from ths grizzly drop onto a conveyor belt, 


SOR -cee SE eePee ea -2-CREpre | = i ee we ere ee 
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le Taylor, M.T., Separation of “olfran vrom Tir: Min, Mae 
1%) « 751-352 e 


., vol. 12, 1915, 
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which discharges into the 225—ton storage bin. 


From the bin tue ore is fed turough a rack-and-pinion gate onto an 
Allis-Chelmers avron feeder 24 inches wide, It discharges the ore onto a 12- 
mesn vibrating screen, wnich rernioves atout 12 nercent of the total ore in 
fines vefore it reacties the ball mill, The screen oversize passes into a 
Ye by 5-foot Marcy ball mill equipped with 3/15~inch grate openings, Ex 
cessive sliming in the bell mill is vrevented by adding ebout 6 tons of water 
to 1 ton of ore, The ballemill discharge goes to na velt-and-bucket elevator, 
“ence it is returned to the 1l2emesh screen, The screen oversize is re- 
turned to the ball mill, The larce circulating load, mixed with a large vol- 
ure of vater, prevents sliming; screen tests shor that only about 14 per- 
cent will pass a 150—mesn screen, 


Porged chrome-steel bells 5 inches in dianeter are used in the ball 
mill, ‘The load of bells in the mill is about 3 1/2 tons; ball consumption 
ls 0.9 pound ver ton of ore, Ballenill liners last about 9 months when the 
mill is operated continuonsclr, 


The screen size for teble concentration is minus l?-nesh, Tests have 
shown that this size liberstos mest of the sche:lite and permits the mill 
to handle e large tonarze, ‘the undersize from the 1@-mesh screen is run to 
an 1lé= by 5efoot Cverstrom tatle, which makes a finished concentrate and a 
telling. The tailing fron tiis teble is split into two perts, which are 
treated on two acditional Overstron tables, thus maizing concentrates and fin- 
ished tailings, About 90 percent of the recovered scheelite is obtained from 
tne first table, 


The table corceutrates are collected by hend rnd .1l.ced in a nile on a 
cement floor to drain for 12 hours, After dreining they are shoveled onto 
en electric drier, (See fig, 9.) The drier is home-made and consists of nine 
2~inch pines 6 feet long arranged in perallel; each pipe contains three stan- 
derd 220-volt spece Leaters placed in series, These space heaters are con= 
nected to the “W4O-volt circuit, Since three 220-volt heaters are used for 
each tube the rated canacity of the heaters is reduced consicerebly, thus 
giving the heaters longer life and furnishing the right amount of heat to 
dry the concentrates, The cost of electricity is about $2.50 ver ton of con- 
centrates, The pipes are placed directly on a 1l0=mnesh screen and the damp 
concentretes shoveled on top, ‘he concentrates pass througn the screen when 
thoroughly dried and fall into the bin below, ‘The drier reavires little ate 
tention, and there is slizht danzer of fire, The capacity of the drier is 
about 2 tons ver 24 hours, 


The dried concentrates are shoveled into 100—nound canvas sacks covered 
with jute sacks, 


The followinzs tables sive costs of nilling end distribution of labor and 
power for a lemonti period et the Round Valley concentrator, 
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TABLE 9, - Milling costs per ton of ore, Round Valley concentrator 


(Tons ore 


Taplines iadensiwedss 
Drying and -secizing.. 
Miscellancous....... 


treated: 2,250. Period: 1 montn, 1931) 


TABLE 10. - Milling costs per ton of ore in units of labor, power, and 
Supplies, Rownd Valley concentrator 


A. Labor (mamhour per ton); 


OPS eo sis 5h Nr ol ei dee So eee ae 0.107 
a stn ais Pew oan x core de ae en ee wea ere eon wees » 160 
Me Mrs cis ated oth Gagnon se baat ob ae entiah on aa e on -160 
Dryin@ 6nd: Gath ne isis. dew sweets tadke teed mee 4a 053 
WI BCELLEN60U6 Hise nee wake a eee Ok eed she wees 053 
DUDET VA S100 nileei awe ay ode pan ee eee awd 2053 

a. MOCALI aac: eget dat pidua faraiel ace asG sone eeems cate lds des 0 ab ap an ceeds . 086 
Ore treated per mam-shift (tons)...........0 ccc eee were 13.65 

B. Power {lav.ehr. per ton of ore treated).......... cee eee ee 9.54 
Crushing....... aptimewabiiedinicte ieee ace se cadets 1.07 
OO ak ec oe eas sa en on wee 6.47 
BD Ns ceed crags eran ti anede tear end pee Rearaed av eacecoday ok oan 47 
18 neat a 0 aa eR eg oe eee Tea eee eae ee aE Ee ee pe 40 
MiSC61 1an60US voi 6.0 nb 5S Ree SEEN ew eee es oo 11d 
TOGaL yo. tected tie et Sure te a eaee ne weeds 9,54 
Percent of 
total cost 
Ce LASOP cscs ween peers ae w tenn oaiseo ent dusexi eae ere acute ai attest love - 58.2 
POwer G00: Gun pl 166 san ti se ees eat eae wel ee hes he eae eeees 41.8 
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Atolia Placer-Ore Concentrator 


The Atolia concentrator for concentrating scheelite obtained from placer 
sans in is at lia, Calif, The capacity of the concentrator is 500 tons 
per 15-hour day, Water for mill use is pumved from a well 7 miles east of 
Atolia, This water is highly charged with chlorides end sulphates but is 
cuitable for gravity concentration, Before this source of mill water was 
developed water was sninved to Atolia in railroad tank cars from wells west 
of Kramer, 40 miles distant, lectric poner is purchased from the Southern 
Sierras Power Co. at a rate of ebout 2 cents per kilowattenour, 


The placer scheelite occurs in alluvium consisting of sand and gravel 
with few iders, The alluvium is cemented loosely so that it must be dis~ 
integrated before it can be concentrated, A little more than 13 pounds of 
echeelite concentrates are obtained per ton of ore. 


The unusual feature of the concentrator 16 tne large amount of material 
handled at low cos}, The direct cost of mining and milling for tie first 10 
months of 1930 was 37 cents per ton, Tne flow sheet of the concentrator is 
shown in fisure 10, 


, the placer material is londed into tracks by power shovel and hauled 
several imndred yards to the concentrator. The trucks are unloaded onto a 
grizzly with Geinch openings placed over the top of a bin, The grizzly over- 

size is broken by hand sledges, 


From the grizzly tin the ore passes to an inclined conveyor belt which 
discharges into the disintegrator, The disintegrator consists of a trommel 
screen with 2-inch perforations; a steel shaft to hich twelve 16-pound hare 
mers are attacned by chains passes through the trommel, (See fig, 11.) The 
loosely cemented gz-avel is broicen by the revolving hammers, and the screen 
undersize drops into a wooden bin, From this bin the ore is transported by 
converor belt and bucicet elevator to the mill storage bins, 


from tne mill bins the ore is fed to four 2-compartment Harz-type jigs 
by hopper feeders and feod belts, Tne jigs are equipped with 25= by 34-inch 
screens with 0,03einch openings, The hetght of the bed in the jigs is about 
10 inches. ‘The plungers ere operated with a 5/ 8=inch stroke at 150 strolxes 
per.minute,. 


The Jigs produce concentrates, hutch, and tailings, The concentrates 
are sicimmed from the jigs at the end of every two shifts, The hutch prod 
ucts, which comprise about 25 percent of the mill feed, are collected in a 
common sump, wnence they are pumped to tro Overstrom tables, These tadles 
produce concentrates, middlings, and tailings, The concentrates, which con» 
tain large quantities of magnetite, are sent to a magnetic separator for re~ 
moval of the magnetite. The table middlings are returned to the tables, and 


13 Vanderburg, W.O,., Methods & Costs of Concentrating Tungsten Ores at 
Atolia, San Bernardino County, Calif,: Information Circ, 6532, Bureau 
of Mines, 1931, 12 DP. 
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Tailings 


Figure 11.—Sketch. of disintegrator for breaking cemented placer material. 


Figure 12—Sketch of home-made clessifier used st Molie. 
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the table tailings join the jig tailings for dewatering. 


The table concentrates are dried on a wood-fired oven and shoveled into 
a hopper of the magnetic separator. The magnetic material is removed, and 
the scheelite is discharged into a wheeltarrow. The jig concentrates are 
crushed to 3/4 inch in a laboratory Blaxe-type crusher, mixed with the cleaned 
table concentrates, and sackei for shipment. The placer concentrates average 
62 percent WOz, 0.11 percent phosphorus, and a negligible amount of sulphur. 


The tailings are devatered in home-made drag classifiers; these class- 
ifiers are equirped with 3 1/4-inch angle irons 16 inches long bolted to 5- 
ply, rubber-suvfaced belts 1é inenes wide. The angles are spaced 6 inches 
apart. (See fig. 12.) Ths launder in which the drags operate is 12 by 24 
inches in section, is made of 2-inch planks, and has a slope of 5 inches per 
foote The tailings are discharged from the classifiers with about 12 percent 
moisture» 


The dewatered tailings discharge onto a conveyor belt, which in turn 
discharges onto a stacking belt the outer end of which is pivoted so that it 
Swings through an are of 200°. | 


The overflow from the classifiers flows to sumps whence it is pumped to 
a settling pond. Clear water is reclaimed from the pond, and it is returned 
to the supply tanks by pump. ‘The mined-out placer channels are used for set~ 
tling ponds. The sijes of the settling ponds are built up by pover shovel. 


The recovery of placer schzelite is estimated to be about 70 percent. 
The losses in concentration are due to the fact that (1) scheelite is mech- 
anically lecked with quartz; (2) it is intermixed with placer fravel that 
has not been disintegrated; and (3) some of ‘*t occurs as slime which cannot 
be recovered entirely by the tablese 


Tae following tables give costs of minins: and milling and distribution 
of labor and power at the Atolin placer operations fora 10-ronth period. 
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(Tons ore treated; 106,122. Period covered; 10 montns, 1930) 


Power Supplies Total 


Mining and trucking........ $0.100 
MAA aks Sct ceeiceen al .197 
Water supply..........--.-- : 075 

total | as7 [080 31 


TABLE le. - Mining and milling costs ner ton of ore in units of labor, power, 
and supplies, Atolia placcr-ore concentrator 


A. Labor (man hour per ton): 


SUPerINCCndenCG.4.4.wewtusd vente een cess eee ds ees 0.020 
IC As caw tte, Modine Bee aire ata a ara) wa wee .039° 
SHO Vel TDS fats Geers Gites Ree eh ere eee eens ahs -020 
Griz 71 yeni ch.se tia sew bees aan eee es oe » .O15 
SO LeenI ie sows ei 4 ee wei ea oe ees BE ee eet ~O20 
Conveying Now Sed OS ee ee a ee ee ee ee ee -006 
SF EI cia agree SS Oe et Aa ae Race a nae 062 
Dea sacs cao ot Slee nde Adpnare-saca es areas er a aaa are 018 
DeVaveri ie senses eine tncaaaanea Pe ee ree ; Ole 
Maintenance.........6. Beuchat aera atens re re ehdtane 020 
PUM ih as eee eee en See td Lees es O42 
Magnetic separation and sacking..............06. _.008 
DOGO ainc, Grace eva) Bie oe ae he ao ee eae 282 
Ore treated per man-shift (tons)... .... ccc cece ce cee ee eeee 23.4 


B. Power (kw.-hr. per ton of ore): 


CONV Gy 102s 0465.b oe we the eee ee es Pees EO jesa: “OvO95 
Screening...... Ss oa ersieah erat ie od cat aoe eae eee hee 315 
5 a aoa ly «ara aa rr ee ee eee Vee rare ar re ere ere ©1035 
TAD UING (ge a cuties eis bed Mee aie wes eee 103 
Dewatering......... Gd ccatis Siar Sew ere eee tees Acer 2070 
PUNOLNE osienic ls web set eto teed eae ae wie eas - 105 
WACC? BUDDY seit Saee hae R i ee ee eee eee 1.047 
Magnetic separation... cc... ccc cee ee ecw etnies ~Ocl 

DG Gl soi scerasietes occa oem rt Ged Gas deen ah sun eae Rae 5.007 
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Grizzly (3/4-inch openings) 


Undersi ze Oversize 
Crusher (Blake type) 
levato 
roam \f 2-inch 
Undersi ze Oversize 
in moler. Rol! | 
Sample (&percent cut) Reject 
Sampler bins 
Cone crusher 
Splitter (Jones type) 
Sample (! pound) Reject 
Assayer Storage, bins 


Belt conveyor 
Mill-feed bin 
Pan feeder 
Tromme! (!/4-inch openings) 
Undersize Oversize 


ee (no. 3 Universal! ) 


leyator 
mel reen w 1/4- and !/3-inch 


; openings 
Minus 1/8 inch Plus '/S8minus t(/4 inch Plus !/41tnch 
Oewaterer 
Jig (3-compartmant) Jig (2- Bull {ia (1 compartment) 
First Second Tailing Firat Second Tailing First Second Tailing 
mencentrave concentrate AR conc. conc. n 
Akins' classifier ! Dewaterer 
Overflow Sands 
v 


reen mesh 


Plus 20-mesh Minus 20 plus 2 mesh Minus a0 ue 80 mesh Minus 80-mesh 
Richards jj 
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Figure 13.- Wolf Tongue concentrator flow sheet. 
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Wolf Tongue Co: 1G 1centretor 
he Wolf Tonsue concentrator is on liidcle Bouldor Creek at Nederland, 
Colo,= The concentrator has a maximm cavecity of 1 ton of ore ver hour 


when treating ferbderite ores containing about 4 percent WOz, With higher- 
Grade ores the cavacity is reduced nrovortionatcly anc. mey be as low as 1/2 
ton per hour with ores convents move tran 10 percent WO, The total cost 
of the mill sully eonipoed wos 635,000, of sich $00,009 Was the contract 
price for the building anc new meciinsry an’? the belance ves for recondition- 
ing and settings up tne old machinery camacecd by fire in 19°27, 


The compeny ovms a water right on Micdle Boulder Creclt whence nower for 
milling is genereted by oa Leffel wheel direct—connected to a 100-kva gener- 
ator, Since vlenty of water is aveileble for milling tiicr2 is no necessity 
for reclaiming the used mill water, ) 


The only minerel in the ore: of economic importence is forberite, The 
ore treated at the Wolf Tongve mill in 1931 everaced 5.7<2 vercent WO,, The 
principal gnaugue mineral is cuartz. 7 


The ores trented may be clessificd into two general types: (1) Ores in 
which the ferberite is liberated fron the ganzue by coarse crushing and (2) 
ores of the hornstone or chalcedonic tyne in which the ferberite end quartz 
comprise « cryptocrystalline aczregxte remiiring fine grinding to liberate 
the ferberite, Beceuse of the ertrane friaviiity of terberite a certa ain 
amount of sliming is wnavoideble, particularly with type (2) ores, Although 
the snecific gravity of ferberite is 7.5 and thet of the gengue about 2./, 
no gravity—concentration equipment hns veen waolly efrective in recovering 
slimed ferberite as a hithegraie concentrate. In milling a compromise must 
be made between the grade of the concentrate and the recovery, Adjustment 
of the equinment to produce a highegr-de vroduct results in a low recovery, 
and high recovery results in a low-grece concentrate wiich is difficult to 
market. Recoveries from different ores, rauging from 3 1/2 to 30 percent 
WOz, heave averaged avout SO percent, althougn some of the concentrates prod 
uced were lov grade. Owin: to fe eee loss in slimes it has been. found un- 
profiteble to treat ores containing less -tnen 3 »ercent W : by gravity meth- 
ods uncer present conditions, 


Milling practice at the Wolf Tonzve mill is distinguished by the large 
emount of concentrating ecuivment resvired to treat a comparatively small 
tonnage of ore and by the meticulous ettention given tne concentrating equip 
ment by tiie mill operators, Tne mill flow sneet is shorn in figure 13. 


The ore is first weigned on a Hove platform scale and then dumped from 
trucks into bins, whence it passes over en inclined=ber grizzly with 3/lm 
inch openings, The grizzly oversize is crushed to 3/4 inch by a Blake 7- by 
14 Vanderburg, W.O., Methods & Costs of tilling Ferberite Ore at the Wolf 

Tonzue Concentrator, Nederland, Loulder County, Colo,: Information 

Circ, 6685, Bureau of Mines, 1933, 15 pp. 
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10-inch crusher, The crusher discharge and the grizzly undersize pass by 
gravity to a belt-and—bucket elevator which discharges into a screen trom 
mel with 1/2-inch openings, 


The trormel oversize is crushed to 1/2 inch by a set of 16~ by 36-inch 
McFarlane rolls, The roll discharge is returned to the 1/2-inch trommel by 
elevator l. 


‘The 1/2-inch trommel undersize is sampled by a Vezin sampler which takes 
an &-percent cut, and the remainder passes by gravity into 1 of 3 storage 
bins, From the storage bins the ore is distributed in the mill~feed bin by 
a belt conveyor equipped with a hand~set wooden plow for discharging from 
the belt, Three rack-and—vinion gates control the flow of ore from the mill 
feed bin onto a steel pan feeder, whicn carries the ore into a screen trom 
mel with 1/'-inch openings, The plus 1/l4-inch product is crushed in a no, 3 
Universal jaw crusher to about 1/4 inch, The crusher discharge and the minus 
1/4~inch trommel product pass by gravity to a second belt and bucket convey- 
or, which discharges into two trommel screens arranged in series vith 1/4— 
and 1/8-inch openings, resvectively, At this point the ore is wet-screened, 
The three products from the two screens comvrise the feeds for coarse concen= 
tration with jigs. 


The plus 1/l4-inch product is fed to a l-cell bull jiz, the plus 1/5. 
mimus 1/4~inch product to a 2=cell jig, and the minus 1/8-inch product, after 
being devatered, to a 3—cell jig, All three jigs are of the Harz type. The 
drop between successive screens is 1 inch in the multiple-cell jigs. Table 
13 gives data on jigging. 


TABLE 13, ~ Data on jigging 


| 
‘ = | , 5 
Depth of bed, inches......... luk iud AnS eset | 5 1/2 u 4/2 4 3/2 
Screen size........ re rere rae ae ee 3 /B-inci| 6—mesh | 10~-me sh 
Total screen area, Sd, IN, 2... .e-sieice lig 390 1,455 


Concentrates are removed from the jigs at intervals by a hand scoop, 
Tailings from the l~ and 2-cell jigs are dewatered and crushed to about 1/8 
inch in a set of 1l~ by 27-inch rolls, The roll discharge is returned to 
the trommel screens by elevator e for further sizing before additional jig~ 
ging. 

The 3-cell jig tailings are dewetered in an Akins classifier, The de- 
watered sands are classified for table concentration in tnree revolving 


screens arrenged in series, The overflow from the Akins classifier goes to 
a Dorr thiclcener, 
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The three screens are 20-, HO-, and 80~mesh, respectively, The plus 
c0-mesh product is treated in a Richards jig ecuipped with a 6-mesh screen, 
This jig makes 2 products, a lmtecn concentrate anc a tailing which is re~ 
ground in the ball mill. The remaining 3 screen products are treated sepy 
erately on three Wilfley tables, Hech of the tables maxes /! products ~ 
firste and second-grate concent trates 5, middlings which go to elevator 4 for 
regrin¢ing, and a tailing wiich usually is sent to the Dorr thic’cener, If 
low-grade 6re is being treated, hovever, the table tailings may be diverted 
at this point to the teilings pond without further treatment, 


The table middlings and the Richards jig tailings are dischargec from 
elevator 3 into a second Acins classifier, The classifier overflow is sent 
to the Dorr thickener, aid the underflow is reground in a Marcy no, 3 ball 
mill, About 1 ton of steel balls 1 inch to 4 inches in diameter is used in 
tne ball mill, The ball-mill discharge is returned to the first Acins class- 
ifier by elevetor | for further screening aid table treatment, 


The Dorr thic'tener is the starting point for concentration of the slimes. 
About 35 pounds of lime are added to the thickener each shift to settle the 
colloids, The underflow is distributed to three Deister-Overstrom slime 
tables, each of wiich maxes a concentrate and a tailings, The tailings are 
sent’ to a devatering cone, whence the underflow is sent to three additional 
Deister-Overstrom slime tables, The tailings from the last three tables aro 
distributed to three canvas tables arranged in parallel, The canvas tables 
are not primarily pert of the concentrating equipment, since they are used as 
a barometer to determine whether or not the concentrating tables are oper~ 
ating satisfactorily. The tallings from the canvas  ,lant are diverted to 
a pond wnere they are impounded with a view to future treatment, The aver~ 
aze grede of tne tailings in the pond is avout 1 percent WO3 


After drainin:; in pans the jig concentrates are dried in a Sutton sand 
drier, Because of their fineness the table concentrates are dried in pans on 
an ordinary cooking; stove. After being dried the two cl-esses of concentrates 


are sacked separately for shipment in canvas BACKS» The mill balance sheet 
for 1921 is shorm in table 14, 
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TABLE 14. ~ Mill balance sheet, Wolf Tongue concentrator, 1931 


Weight of | Assay Contained | Total 
product, WOs, | Ws, 
nounds : pounds percent 


MAL. SHOAG Gig sie neta S020 ee ea elo se ee 


2,499,970 100 | 

High-grace concentrate recovered by jigs.. 156 , 286 58.1 
Low~grade concenijzate recovered by jigs... 67, 844 14.9 
High-grade concentrate recovered by tables 28 , 589 12.2 
Low-grade concentrate recovered by tables. 5,924 1.4 
PALA NS Ss somata asec de twas edee tekken 2,241,367 13.4 
Je ee ee re ee ee eer 2,499 970 100.0 


The following tables give costs of milling 1,250 tons of ore in 1931 and the 
distribution of labor, power, and supplies for the same period. 
TABLE 15. - Milling costs per ton of ore, Wolf Tongue concentrator 


(Tons of ore treated; 1,250. Period covered: 8 months, 1931) 
| Labor Power Total 


Crushing and grinding............... $0. 260 as! f0.168 $0. 428 
Screening and conveying............. 519 --- ~l11 630 
JISSINS is cen teas ind iy neat ataeee iaead 779 --- .024 "803 
PAOLINS cco ees honed nea eek oes .519 “~<-- --- 519 
Assaying and sampling............... W3.a%0| - -- seiaeee 3.300 
Mi 6C6LIGNG0U8 oainciuscceuenia kanes --- | §$0.096 209 305 

MG ei Ritts carotene: ciel Aol wander Nene heaton nc 5.377 6.015 


1/ Includes custom assaying charges on many small lots of lease ore averaging less 
- than 200 pounds each. 7 


TABLE 16. - Milling costs per ton of ore, in units of labor, power, and supplies 


Wolr Tonzsue concentrator 
A. Labor (man-hours per ton); 


Crushing and BVANGINT oe ccc cece ce cee eee eee e ens e479 


Screening and conveying........ es cece veces Sy re Gia 2952 
Jigging. tessa eG ee thy rece ews ee Ea atid ow) A We eb eee eed a eee Le 1.455 
TeblANP ss ke cei avon wads. voseiae se oted Se eae tees 479 
SaMpllNes scene iactsewetan see eewse te eae eee wee ean -952 
FIG) G's: arrercas iota doce ah Seve ace ion ahh aia e arose ane eee te ebb 4.317 
Ore treated per man-shift (tons). ...c cece cece cece cece ees steces .1.85 


B. Power (kw.-hr. per ton); 


Of agh W21 op be 6 - ar ae Pa et Soe a ee Ne See Cr Re ae Te . 8.6 
2) pele 916 ki 6) ae ee a a ee ee ee ee eee 5.4 
Screening and CONVEYING... cece eee cence eevee 4.3 
Ns aoe ea he tose ed cetan eveien elaaeare Aen wince awl an ee ae Bit 
Uso} lo bg ag are eee ee eee eee eae 5.7 
Total....... CEG SESS a CARRE Mea eee a! 
Percent of total cost 
C.; LADOT.ascesecuss kha cl twwawalnees ee See eee ee ee ee ee 48.8 
Power and supplies.......... Lee ee ee ee en eee 10.7 
AS BOVINE. bis cae SS sbG le ea ee ee Oe eae Ou a Rae eS ees 50.5 
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I.C, 6352 


Silver De"re Concentreto 


ae we eee ee eee 


The Silver Dyke concentrator near iina, ilev., has a cxpacity of about 
50 tons of scheelite ore per day 22 water for milling is obtained from sev- 
eral wells swit near the mill site. Llectric pover is purchased from the 
Mineral County Light & Power Co., under a sciedule ranging from 2 1/2 to } 
cents per kiloyvntt-hour, devsendins on the domand, The average cost is about 
3 cents ver trilowatt—nour, 


The scheelite crystals range from 1/16 inch to 2 inches in diemeter. 
The principal ganzgue mineral is quartz, with subordinate quantitics of pyrite 
end manganese sulphide. 


Figure 14 is a flow sheet of crushing operations and fizire 15 of the 
concentrator, 


Srom the mine tne ore is delivered to the tram bin in l-ton cars hauled 
by a storage—battery locomotive, from the bin the ore is fed through a rack 
and—vinion gate onto an inclined grizzly with leinch openings between the 
bars, The grizzly oversize is crushed to leinch in a 16~ by 24-inch Blake 
crusher, The crushed vroduct and the grizzly undersize are conveyed to a 
storaze bin by bucket elevator, 


ine minus l-incn product is transyorted from the storace bin to tne mill 
by 2a single-cable, aerial, gravity tram 1,420 feet long. There are HO buck- 
ets in the line holding 240 pounds of ore each, The bucizets are londed while 
the tremvay is in motion by a ineasurinzs hopper traveling on an inclined plane, 
The flow of ore into the hopper is controlled vy a hand-oncrated rack-and~ 
pinion gate. The buckets are dumped automatic:11ly at the mill bin by a trip- 
per wnichn releases tne hinzed bottoms. 


From the mill bin the ore is delivered through a rack~and-pinion gate to 
a grizzly by an eccentric shaker feeder, Grizzly openings are 3/4 inch, The 
grizzly oversize is crushed to 3/4 inch in a ll/ by 18-inch Blake crusher. 
Tne crusned product and the grizzly undersize pass to tie inill storage bin, 
A Hammil belt feeder delivers the ore to a trommel having 7/16—inch holes, 
which operates in closed circuit with a set of 14+ by 30-inch Allis~Chalmers 
rolls, The trommel oversize is delivered to the rolls by cravity, and the 
crushed product is returned to the trommel by bucizet elevator, 


The undersize from the 7/16-inch trommel passes to a surge bin, whence 
a Hammil belt feeder delivers the material to an elevator which discherges 
into a second trommel. This trommel is in closed circuit vith a set of lL 
by 30-inch secondary rolls. ne secondary rolls operate wet, 


The trommel undersize is delivered to a le~nesh simplex Callow screen 
operating in closed circuit with the secondary rolls. Tle le-mesh screen 
undersize passes to a 22-mesh screen, andthe procucts from this screen 


15 Vanderburg, W.0., Methods and Costs of Concentrating Scheelite Ore at 
the Silver Dyke Mill, Mineral County, Nevada: Information Circular 
6604, Bureau of Mines, 1932, 12 pp. 
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commrise the feeds for send and slime tables, 


ne Dlus ee=-mesh sends and the thickened minus 22—mesh fines are each 
treated on en Overstrom table; eech tavle produces concentrates, middlings, 
and waste tailings, Tre niddlings from both tables are deyotered in a Wfoot 
Callow cone: the conesischarge seads are crushed further by a set of 13- by 
4inch Sturtevant rolls, and the crusned product is returned to the table 
that treats the undergize from the 22—=mesh screen, The table concentrates 
ore collected in buckets which are emmtied on a drainvoard, A launder carries 
the tailings to the dewatering plant, 


The table concentrates are shoveled from the drainboerd into ea Channon 
foundry sand drier, end atter dvying they are drooved into a concrete storage 
bin, From the storage bin tuey are fed throvngh a 2=incn vine with plus-valve 
control to the roesting furnace. Figure 16 shows how the roaster is con- 
stracted, The concentrate as fed to the roaster contains about 19 percent 
pyrite, woich is rendered magnetic in the presence of air by roasting for about 
5 minutes. The calcines discharge into the trough of a screw conveyor which 
carries them to a sualker feeder at the head of a Ding'ts magnetic separator, 

The primary purvose of the conveyor is to allow the concentrates to cool before 
magnetic separntion, The magnetic material is rejected as waste, and the 
cleaned concentrates are sacized for snipment, 


At the dewatering plant the tailings go to an Akins classifier, The 
Classifier sands are sent to the waste dump. by a conveyor belt, and the over 
flow passes to a Dorr thickener for reclaiming the watcr, About 7/5 percent of 
the mill water is reclaimed. The thiclzener overflow is »umed to the mill 
supply tank by a 1 1/2~inch centrifugal Pump; the underflow is sent to the 
waste dump by a diandhragm pump, 


Tables 17 and 18 sumnarize costs and the distribution of labor, power, 
and supplies for a ewmonth period in 1931. 
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Figure 16.—Sketch of Silver Dyke roasting furnace. 


I,C, 6852 
TABLS 17. - Milling costs per ton of ore, Silver Dyke concentrator 


(fons of ore treated: 1,140. Period covered: 2 months, 1931) 


eoeee ee ecemUmOMmUCUCOOCUcMOOmhUCUcCOmrhUCUCc rmhUCUlcrmhUcMhMhMUcCFOrhMUCUCrhUlUchHMmhUhHhUCUc OhChUhOhUhhUcCFhlhUhH 


Roasting, magnetic separation, sacking 
Dewatering and putping ee ee 
Supervision sider iets Gidetnra seu iota sales see eases 


TABLE 18. ~ Hebbingc costs per ton of ore, in units of labor, power, and supplies, 
Silver Dyxe ; concentrator 


A. Labor (man-hour per ton); 


g Wp gp 8 Ula ch fa) cf 2 8 ee Dahatiie ie Bee wa 0.151 
Crus hie sews dese Power eke eaeeea eek See ree . 168 
Grinding, ecreening, and conveying.......... ree . .540 
Med Weg Scania ae x Wi a Peas Ca an Re we Sear ate wet eae 34 
Roasting, magnetic separation, seclcting.............. - 184 
Dewatering and ‘PWNS cous cued deds thw deew awww as £09 
Miscel Vancouss. 04 ceatn seo aint ieee hoe Peters edad _ 2084 

BNA isg Sova nds chewy snd aie 25 Hand sare lars a acd a Se ahaha ite Gem aah ateeaow. 1.670 
Ore treated per man~shift (tons).......... cece cess eeees 12 4078 


B. Power (kx.—hr. per ton): 


Rerial Cranway ssi sive sh ines udaw tee eee as Ses eee tes 4.45 
CPUS HIN aaa oS Sha- Owed es ee es Aig baat erate Arrest 8 . 8.91 
Grincing, screeninz, and conveying......... ree 13.836 
CEO INE Sawa edhe eee eae eee wae eee od be ea » 2.66 
Roasting and magnetic separation...........cceeevee 1.08 
Dewatering and pumping........ ee re ee ee ae 4.44 
MOTEL scorn tehedac asst oe spree sass Sastesaran staat hace 55.37 
| Percent of 
total cost 
ia. OO Meee 2 aprenden ond tocar ws ea the oem Pe ee Se ee ae eee eer 41.8 
POWOD’ ANd Sip pl 1 Obese ccaanatcs arene eee aed eased dare iebearh ta ews ; 58.2 
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Mill City Concentrator 

The Mill City concentrator of the Nevadr-Massacimsetts Co,, Inc,, is $ 
miles northwest of -Mill City, a station on the main line of the Southern 
Pacific Railroad, The concentrator has a Gaily canacity of 200 tons of 
scheelite ore containing an average of 1 percent scheelite, Pover for mill- 
ing is purchased from the Sierra Pacific Power Co, at an average cost of 2 
cents per kilovatt—hour, 


The scheelite occurs unevenly Cisseminated as small grains in a gangue 
composed »vrincipally of garnet, epidote, auartz, calcite, and pyrite, Some 
of the gangue minerals are more tenacious than tne scheelite and in grinding 
tend to pulverize the schneelite, which is brittle, Tne aim in crushing the 
ore is to liberate the scheelite with a iainimom of sliming; this is accomplish- 
ed by stage reduction with rolls, The concentrator flow sheet is shorm in 
figure 17. 


The ore from the mines is delivered to the unper end of the mill in cars 
hauled by gasoline locomotive, and it is dummed into two parallel bins havirg 
a combined capacity of 500 tons, Signt rack~and~pinion gates control the flo7 
of ore onto a 2leinch, variable-speed, steel apron conveyor which discharges 
on a grizzly with 1 1/2-inch openings, The oversize is crushed in a 9~ by 
16-inch Blake crusher, The crusher discharge and the grizzly undersize drop 
on a conveyor belt and thence into a belteand=buclzet elevator which fceds a 
trommel with 9/16-inch openings. The undersize from the trommel falls onto a 
belt conveyor equivped with a hand-propelled tripver and is discharged throug; 
the tripper into either of two bins, eec: holding 200 tons, The trommel over- 
size passes by gravity to a pair of 36+ by 15-inch Garficld rolls set to 1/2 
inch and operating in closed circuit with the trommel, 


At the bottom of cach bin is a Hammil feeder which discharges the ore 
onto a belt conveyor, The belt conveyor cischarges into two belteand~bucket 
elevators, The elevators feed into 1 of 2? trommels equipdved with no, 23 Ton 
Cap screens with 1/8 by 1/4+inch openings. The second trommel is used in 
Case ox a break-down or when mating revairs, The trommel oversize goes to a 
set of 36— by 1G-inch Gates rolls operating in closed circuit with the fore- 
going elevators and trommels, The set of these rolls is adjusted tothe 
amount of circulating load: if the circulating load is increasing the rolls 
are set a little closer, The .trommel undersize passes onto 14mesh, Callow, 
duplex, traveling~belt, nnosphore~bronze screen, The screen oversize is crushe 
in two sets of 36~ by 16-inch rolls in closed circuit with the screen, The 
screen undersize flows to a single-spigot hydraulic classifier. The spigot 
delivers the coarse sands to 2 Wilfley and 4 Deister—Overstrom tables, and the 
overflow is sent to a second hydraulic classifier. The spigot from this class 
ifier delivers fine sands to 3 Deister-Overstrom and 2 Wilfley tables, and 
the overflow goes to three &foot Callow cones, The Callow-cone goosenecics 
discharge into a simple nonhnydreulic classifier, The coarse and heavier part 


16 Heizer, Ott F,, Methods & Costs of Concentrating Tungsten Ore at the ieva’ 
Massachusetts Mill, Mill City, Nevada: Information Circ, 6280, Bureau o: 
Mines, 1930, 13 »p. 
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of the slimes pass through a spigot to two Wilfley tables; the finer and 
lignter part of the slimes is jumped by a 2-inch centrifugal pump to an 5 
foot Callow cone, ‘The gossenec:: product from this cone is treated on a 
Deister table, and the overflow from the Callow cones goes to the dewatering 
plant. 


Each of these tadles srocuces a bulk concentrate, a middling, and a tail- 
ing, Table middlinzs flow to a single Deister«Overstrom table for additional 
treatment, The broad middling cut from this table is pumped by a e-inch cen 
trifugal pump to a foot Callow cone. ‘The spigot from the foot cone dis~ 
charges into the fine rolls grinding the Callow-scxeen oversize, and the over- 
“low joins the feed in tne wet elevators, 


The bulk table concentrate flows to a 2=cell Kraut flotation machine 
which climinates the finer sulphide minerals, principally pyrite and molyb- 
denite, The flotation tailing, consisting of scheelite, garnet, and the 
coarser pyrite, flows to a belt end oucizet elevator discuarging into a small 
Akins classifier for devatering, The classifier overflow joins the table 
middling and is returned to the mill circuit, 


After devatering the bulk concentrate drops into the trough of a screw 
conveyor, which delivers it into the upper end of a home-made, oil~fired rotary 
drier, The dried concentrate drops into the boot of a belt-~and—bucket elev- 
ator, which discharges into the hovver of the first magnetic separator, The 
concentrate is fed evenly onto the belt of a 6-pole Wetherill megnetic sev- 
rator, Tramp iron, garnet, and a small emount of fine »yrite reduced in the 
drying process are removed by this magnetic sevarator, The garnet reject is 
carried in wheelberrows to a senverate cum, The concentrate is conveyed by a 
Delt-and~bucket elevetor and a belt conveyor into a rotary, oil-~fired roaster 
vaich renders the pyrite magnetic, Roasting the garnet with the pyrite is not 
feasible because the garnet would agglomerate, thereby preventing magnetic 
separation, 


Tie hot calcined concentrate is discharged into a steel screw conveyor 
miere it is sprayed with a small quentity of water, The concentrate cooled in 
trausit to the second magnetic separator, of the same size as the first, is 
cleaned further by removal of the magnetic iron end garnet. The rejects from 
this separator contain some schcelite and are returned to the mill circuit. 
tae iron-pyrite reject is rendercd porous by roasting, tims lovering its speci-~ 
fic gravity and mazing it amenable to senaration from scheelite by table con~ 
centration when returned to the mill circuit, 


The concentrate from the second Wetherill machine zoes to a belt—and- 
bucltet elevator and thence into a steel screw conveyor, which delivers it to 
en externally fired roaster, The final dead ronst renoves virtually all re~- 
maining sulphur, After tiie final roast the concentrate discharges into a 
screw conveyor which in turn discharges into e belteand~bucket elevator, This 
elevator discharges into a Dings magnetic seperator, type Mh+2, wnich removes 
& small amount of magnotic material, The finished concentrete is elevated 
into a hopper by a belt-and—pucicct elevetor, At the bottom of the hopper is 
al 1/2-inch pipe through which the concentrate is run into double sacks of 
Canvas and burlap, 
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Tne dewatering plant is in.a 3eparate building, The mill tailings flow 
to the Akins classifier in the dewatering plant and are divided into sand and 
slime products in the retio of 75 and 25. The slime flows to a Dorr thick 
ener, which produces a clear cverflow end a spigot product averaging 3./7:1 
density. The slime product of the thickener is sent by gravity to the tail— 
ings pond with the classifier sends, The average ovlp density of the sand— 
slime product is 1,15:l,. 


The thickener overfloyv is pumped to a 50,000-zallon tank above the mill, 
where it joins the water pumved from the mines and such additional water as 
may be required from the well in the valley east of the property, 


Including the superintendent and repairmen, l2 men are required to oper 
ate tne mill. on a 3-shift basis, 


Tables 19 anc 20 give the direct costs of milling 40,924 tons of ore in 
1928, Milling costs in 1934 vere about the same as tuose siown in tho tables. 
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TASLE 19. - Milling costsper ton of ore, Mill City concentrator 


(Tons of ore treated; 40,924. Period coverea; 1923) 


Breaking and crushing to 9/16 inch......... 
Crushing, screening, and conveying......... 
11210) Rp © ogee en een Pe a 
Magnetic separation and roasting........... 
Devatering and pumping...... Peed siete decks t 
DUDeErINVENRG ENCE) 03.05 ow eA ntee he whe cew es 
WISCCL LANCOUS «6s. cs-4-55 Saeed os eee ee 

OCS Marre gnini ct seh Geplen. na 2 ahs arenes wowace ees 


TABLE 20. - Milling costs per ton of ore in units of labor, power, and supplies, 
Lili Gity concentrator 


A. Labor (man-hour per ton); 


Breaking and crushing to 9/16 inch................... 0.105 
Crushing, screening, and conveying...............000- » 1.80 
DD A bese eins Seeks Sa aie de aang bare Contd Seed aro ee a ~ 190 
Magnetic separation and roasting......... cc cee eee wee ~154 
DUPETINTCNGC1COs at bacuc.nn ahaa ds eer les svteewe eee HOPE 
DO Wa Ce iso aan aa ee aire Gia eal ose ators os oust ee aunt sae eee .078 
lid BE CL VANCOUS 254-5 % 6'504.0ie, Stamos DE Ge heat SY are ees ee _.O81 

1110) rf Ne aa en ge eee ea eT re eR ae SP eee Oe Oe 860 
Ore treated per man~snift (tons)........ ee ee eet eee 9.4 


3. Power (kw.-hr. per ton); 


Breaking and crushing to 9/16 inch................... 4.00 
Crushing, and Screening....... ccc ec cc cease ee cecnsces 5.00 
IO VM 1 heen Bikar thse ae Hod brig, te Sateen es Ws forte ee ek te a 1.66 
Magnetic separation and roasting........ cee eee eee 2.31 
Dewatering. ....c cece cer ccae Brae ae By a pate ERs aa etn ee ha .69 
Conveying and elevating..... hse ah eas eh aoe atk ene Sola eed he 1.54 
NO Tea oie tak asa igs ev tas Sn te a eye eso Stee at eke nes 15.00 
Percent. of 
total cost 
ge Use) Be whore ees caese te dad ap cers anes es en al ca vat a hs daar esate nt 46.8 
POWer and “Sippl1 6b... cie seb eoegaddeeev dw ene dee olen ae ene era ees §3.2 
ah ~ ill. 
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OTESR METHODS CF CONCENTRATION 
Centrifuzal Concentration 


Experiments have been made to save scheelite from slime tailings by cen- 
trifuges, In the laboratory exoeriments described by DocrnerLl the slime 
tailings constituted 20 percent of the total mill tailings and averaged about 
0.75 percent WO... <A recovery of 60 percent on the slime portion of the tail- 
ings was sodeibie wren a concentrate containing 10 percent WO3 was produced 
and the ratio of conceitration was 24:1, A recovery of nearly 50 percent vas 
possible when a concentrate containing 20 percent WO, was produced and the 
ratio of concentration was 3031, iligher recoveries may be expected with a 
loweresrade rougher product recleaned in a second machine, 


Although centrifuges are used widely in separating immiscible liquids 
or in separating solids from licuids, the application of centrifugal concen— 
tration to solid particles having different densities as yet hes not been 
successful on a commercial scale, 


Preumatic Concentration 


Several mines have concentrated tungsten ores by pneumatic methods, It 
is interesting to note that perhaps the first tungsten concentrates produced 
in the United States were concentrated by such a process at the Trumbull mine 
near Long Hill, Conn, The tungsten minerals, princinally scheelite, occurred 
at a contact of limestone and gneiss; the associated minerals were chiefly 
garnet, quartz, hornblende, epidote, and pyrite, The ore, which contained 
about 5 percent scheelite, was crashed in stazes with rolls. After classe 
ification by screening to 4O-, 60—-, and 90-mesh the »roducts were fed to six 
Hooper pneum:tic machines, which delivered a clean product, leaving little 
scheelite in the tailings, Fobbst2 states that each machine could handle 10 
tons of pulp per day, ond the final product contained 65 percent WO. 


- Pneumatic concentration of tungsten ores was avplied as recently as 1924, 
when a small test plant was erected on the Swnamerfield proverty, near Mina, 
Nev,42 Here the ore contains scheelite disseminated through beds of garnet~ 
ized limestone, At this plant the ore after being crushed was ground to 
minus 10—-mesh in a ball mill, The ballemill discharge was fed to a Stebbins 
dry table having a canacity of 1 ton of ore per hour, ‘The table yielded 
three products; a scheelite concentrate containing 15 percent WO., a middling, 
and a waste tailing, The middling was returned to the ball mill and the 
concentrate was cleaned on a smaller Stebbins table which produced a concen~ 
trate containing 60 percent WOz, 

17 Doerner, H,A,, Centrifugal Concentration, Its Theory, Mechanical Dev— 
elopment, and Experimental Results: Tech, Paper 457, Bureau of Mines, 
1929, 39 pp. ; 

18 Hobbs, W.H., The Old Tungsten Mine at Trumbull, Conn,: U.S. Geol, Survey, 
ecd Ann, Rept., 1901, pr. [-22,. 

19 Osborn, W.X., Tabling Tungsten Ores without Water: Eng, and Min, Jour.,, 
vol, 122, 1927, po. 267-289, 
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About 500 tons of ore were treated in the test mill; the average grade 
or the ore was 1,1 percent Oz, which did not permit profitable operation on 
&@ small scale, and oderations were suspended, The cust »roblem proved trouble 
some, 


several objections can be made to the concentration of tungsten ore by 
pneumatic methods, With most of the machires designed for this purpose the 
principal difficulty is edjustment, es change in tne velocity; of the air 
Changes the product, Induced eddy currents mke ovcration of the mechines 
variable, “lie extremely fine particles of tmgsten minerals are not heavy 
enoush to drop out of the air current, and the recovery is therefore lower 
than that with wet gravityeconceitration metiods, | 


Flotation, eitner os tre principal metrod or es an adjunct to wet gravity— 
concentration methods, offers tne most productive field for research in the 
concentration of tungsten ores, Fxperiments by Coghill and Cicmmer:2 indicate 
that scheelite ana ferberite ores containing quartz as the principal gangue 
Mineral are amenable to flotation, Experimental work on the flovation of 
severel tungsten ores by tnese investigators shows that recoveries and grades 
of concentre=es compare favorebly with those obtained by wet gravity—concen- 
tration meti:ods, 


Experimental vork at the Reno Experiment Stetion of the U. S, Bureau of 
Mines, on the flotation of slimed sckeclite in the mill tailings of contact= 
metamorphic- type ores treated by wet gravity metnods, shovs that although a 
good recovery can de mace the resulting concentrate is low in grade, Add 
itional exverimental works is necessary to raise this low-grade concentrate to 
a commercial grade, 


METHODS OF DETERMINING WOz CONTH\T IN) TUNGST2N ORES 
In the mining and milling of tungsten ores in the United States the 
content is cetermined either by panning or svecific-gravity methods, Chem= 
ical methods employed in custom assaying are not used owing to the difficulty 
of obtaining accurate recults, the time recuired, and the cost, In exper- 
fenced hands the pan is a reliebdle method becazse tie tungsten minerals pan 
almost as readily as gold,” 


Specific-gravity methods are erficient when the gangue minerals are of 
low specific grevity compared with tre tungsten mineral and the ore is high 
in grade, The method orcinarily is employcd in determining the tungstic acid 
content of concentrates or hancesorted ores, In the Atolia tungsten district 
it is accursete within 2 percent, as the gnangue minerals have a fairly constant 
specific gravity. 


20 Coghill, Will H, and Clemner, J.5,, Soap Flotation of the Non-sulphides: 
Am, Inst. Min, and Met. Eng,, Tech, Paper Y45, 1932, pp, 13~16. 
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A 500-cm flask graduated in 5—cm units and a scale which weighs in grams 
and has a capacity of at least 200 grams are required. <A representative sample 
of concentrates is ground to l0=-mesh, Water is poured into the graduated 
flask until the 400-cm mark is reached, then a sample of concentrates weigh~ 
ing 200 grams is poured into the flask, The volume of water and solids in 
the flask is then read, anc the tungstic acid content is calculated as follows: 


Let T = combined volume of water and solids in cubic centineters, Then 
T - 400 = volume of water displaced by 200 grams of concentrates, and 
aH, - specific gravity of the concentrates, 

T= 4400 


The percentage of tungstic acid in the concentrates is determined from 
table 21, The data in the table are based on the assumption that all gangue 
material nas the specific gravity of quartz, 


The Wolf Tongue Mining Co,, Nederland, Colo,, employs a specific-gravity 
method similar to the Atolia method, which is devised to control mill oper- 
ations and to enable estimating the value of purchased ores so that partial 
settlement could be made on such ores the same dey they were received instead 
of the lessee having; to wait 3 or 4 days for settlement. The commany has 
never purchased ores on specific-sravity determinations alone; final settle~ 
ment on all custom ores has been made on custom assays. The specific gravite 
ies of ferberite ores are shown in table 22, The figures in this table are 
based on the assumption that the gangue mincrals have fairly uniform specific 
gravities, For a specific gravity between any two consecutive specific grav— 
ities in the table the equivalent percentage of WOz can be interpolated, 


At the Round Valley tungsten concentrator a very simple method is employed 
to keep the concentrate up to grade. A druggist's scale and a counterweight, 
which is used for comparison against the sample tested, are required, The coun- 
terweight is so made that a level blasting~-cap box of concentrate, carrying 
60 percent WOz (dried and well-settled) will just balance the counterweight. 
The cap box of concentrate to be tested (likewise dried and well-settled) is 
placed on the scale; if it belances the counterweight the sample is just up 
to grade and contains 60 nercent of WO,, but if it lifts the counterweight 
the concentrate is a little above gradé, If tne sample is a little low in 
grade the concentrating tables are adjusted to make a cleaner product, The 
millmen become exvert in this method of sampling and can estimate the grade 
of the concentrate closely by comparing samples with the counterweight, 


Ultraviolet rays afford a simple and rapid means for determining schee~ 
lite ores and mill products, As a general rule, scheelite fluoresces bright 
light blue when activated by ultraviolet rays emitted by a high—tension dise 
ruptive spariz between iron terminals, The ultraviolet ray is used at the 
tunz;ssten mines of the Nevada Massachusetts Co,, Inc, for qualitative as well 
as approximate quantitative determination of scheelite in ores and mill prod— 
ucts, A description of the ultraviolet apnaratus suitable for this work has 
been given by Andrews .cL 


el Andrews, W.5,, Adoaratus for Producing Ultraviolet Radiation: Gen, Blec, 
Reve, vol. 9, 1916, po. 317-315. 
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TABLE 21, - Tungstic acid content of Atolia scheclite ores, as indicated by 
specific gravity 


Specific Specific WO-, Specific WO; ; Specific WOz, 
v i _-percént_| ravit | ercent cravity percent 
3.00 . ; 61.60 |! 5,19 & .00 | 5 60 73.20 
3.10 &? | 62,00 | 5.20 68.10 5.61 73.30 

3.20 ' | 62.00 5.21 | 68 .20 : 5 62 (3s 
3.30 2 50 4,80 | 62.10 5.22 68 40 | 5 +68 73.50 
3. 28,00 | 4.81 | 62,20 5.23 | 68 50 5.6 73.60 
3.50 31.20 | 4.82 | 62,40 5.o4 68.60 |! 5,65 7370 
3.60 34,00 er | 62,80 5.25 | 68,70 | 5.66 73.80 
3.70 37.00 8 | 63.00 5.26 69 ,00 5 67 73-90 
3.50 | eae 4 85 | 63,20 5.27 69,10 | 5 68 74.00 
p20 | 2.20 | “uso | ae 5 28 69.20 | 5,69 74.10 
00 «| Wigo | May | 63. 5.209 =| «69,40 | 5.70 | 74.20 
410 47.30 488 63,60 5.30 69.60 ory gE! 74,32 

420 49 60 ! 4.89 63,70 5.51 69.70 AY 74. 
— 51,60 4.90 63.80 5432 69 ,80 5 +18 74,56 

y, 54,00 491 .10 5 +38 70,00 | Bal 74, 
2 4,50 56,20 4.92 64.20 53 10510 { 5515 74,80 
2 4,51 56, 4,93 64.30 5435 70 ,20 5476 74.92 
3 452 56,70 ugk | 64, 536 70.40 Sell 75,04 
i #28 57-00 | 4.95 | 64,50 5437 70,60 |; 5,78 75 +16 
° 4s 57.30 | 4.96 64,70 538 70,70 | 579 15.28 
NI 455 OT 60 4.97 64,80 be 70,80 | 5,80 75 40 
fc 456 57.60 4.98 65 .00 Bs 73.00.41 5,81 75 54 
4.57 57.80 | “4,99 65 .20 541 Ti,10 5 82 75.08 
4 58 58 .00 5.00 65 .40 542 71.20 3 +85 75 82 
4.59 8.20 | 5.01 | 65 .50 5418 71,30 5 8 7596 
: 460 58.40 } 5,02 65 .60 5, i i 5 85 76,10 
: 4 61 5 .60 5.05 | 65 .20 5 U5 | 71,50 5 86 76,2u 
v 4 62 59 00 5.0 | 66,00 5 46 71,00 | 5,87 76.38 
E 463 59.20 5.05 + 66,10 5 U7 T1270 | 5,88 76.52 
4 64 59.30 5.06 |; 66,30 5 US 71.30 5 89 76.66 
S 465 59 «50 5 07 | 66 40 5 49 {i090 5.90 76,80 
4.66 59,30 5 08 66.60 5.50 72,00 5,91 76.94 
4.67 | 60.00 | 5,09 66.80 551 72,10 5 92 77.08 
468 60,10 | 5,10 66.90 5.52 | 72.24 5 +98 Ti<ee 
= 4.69 60 ,20 5,11 67 ,00 335 72.36 5 69 77.36 
4.70 60,40 5,i2 | 67,10 5.9 72,48 595 77-50 
4,71 60.60 5 +18 | 67.20 Ppp: 72,60 5 96 77 4 
4.72 60.70 | 5 el | 67.30 5.56 Teil2 5697 fi 
473 61.00 | 5515 67.60 557 72.84 5.98 77.92 
8S outth | eran | 5116 «| 67:70 | (b5s «| 72t96 «| «5099 «| (78.06 
“75 61.40 | 5.17 | 67.80 5.59 73.08 ,00 ! 78.20 
= u76 61.60 18 67.90 eee ww-- | 
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TABLE 22. - Tungstic acid content of Boulder district ferberite ores as indicated 
by specific gravity 


Specific Specific WOs in Specific WO3 in 
gravity for Bravity for ore, gravity for ore, 
given per- given per- percent given per- percent 
centages of centages of centages of 

WOz in ores WOz in ores. WOs in ores 

2.72% i 8 35.562 co 4,383 45 
2.748 2 3,395 2A 4, 448 4 
2.772 3 3.432 25 4,513 An 
2.796 o 3.471 26 4,578 £3 
2.821 5 3.510 aa 4 4,643 49 
2.847 6 3.549 2 4,709 50 
2.873 ? | 3.588 29 4,783 51 
2.899 ss 3.629 SO 4, 858 52 
ee! Ps Ae 9 | 5.673 51 4,933 53 
2-901 210 Gerke 32 5.008 54 
Beata 4 Be | 3.761 53 5,058 55 
3.007 12 3.805 34, 6.177 56 
5.036 13 5.850 35 D. 266 57 
3.065 14 5.899 56 5.355 08 
3.096 16 3.943 37 5.444 59 
3.129 16 5.997 " 88 5.553 60 
Orbos ° 17 4.046 59 5.639 61 
3.195. 18 4.094 £0 5, 745 62 
5.228 19 4.155 4} 0.851 63 
3.265 <0 4.211 42 5.957 64 
3.296 el 4.267 43 6.060 65 
3.529 . 22 4.325 44, --~- ahs 
pe a ge ax 
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CONSERVATION OF TUNGSTI RESOURCES 


Although present resources of tungsten ores are large they are by no 
means inexhaustible, and the supply must serve both the needs of the present 
and the increasinz needs of the future, The waste in mining tungsten ores is 
mach less than that in mining soma of the other ores beceuse tungsten deposits 
generally have stron: walls whicn resvire mininum surport, No pillars of low 
grade ore are left beninc, as in other troes oF mining, 


In milling tungsten ores some waste, such as the slime loss in the tail- 
inzs, is unavoidavle wnder present economic conditions, Althovgh these tail- 
ings now have little or no present value they should be stored for future use, 
because as metallurgical science advances they undoubtedly will become valualbe, 


Some companies impound mill tailings in cornmliance with the lavs against 
stream pollution; many tons of low-grade matcrial ere tnus available for future 
treatinent, At the same time little discretion is exercised in sesrez ating 
tne tailings accorcinz to tungsten content, with the result that future treat- 
ment is more difficult, The slime portion of the tailings should be scgre- 
sated from the scnd tailings wnen practicable; secrcegation when the ore is mill- 
ed involves little effort and expense and would result in greater benefit for 
the future, In general, tailings conserved for future treatmert should not be 
stored over wide areas nor be so placed that they are covered by valueless 
material later, 
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Figure 17.- Flow sheet of Mill City concentrator. 
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